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NO.  1 


ON  THE  CONNECTION  OF   PRECESSION  AND  NUTATION    WITH  THE  FIGURE 

OF    THE    EARTH. 

Bv  G.   W.  HILL. 


Some  difficulties  have  beeu  encountered  in  reconciling  the 
various  values  derived  for  the  compression  of  the  earth.  On 
reading  the  discussions  which  have  been  published  on  this 
subject,  it  is  suggested  thai  they  might  possibly  be  removed 
if  the  formulas,  on  which  the  derivation  depends,  were  made 
more  nearly  rigorous.  In  the  present  article  I  propose  to 
supply  some  omissions  in  the  theory  of  precession  and  nu- 
tation, one  of  the  sources  whence  lias  been  derived  a  value 
for  the  compression.  The  expressions  hitherto  given  for 
the  constant  of  precession  and  the  coefficient  of  t lie  princi- 
pal term  of  nutation  have  been  obtained  by  the  substitution 
of  elliptical  values  for  the  lunar  coordinates.  The  only  de- 
viation from  this  mode  of  proceeding  I  have  been  able  to 
lind  is  in  Prof.  Hakkxkss's  The  Solar  Parallax  and  its  Related 
Constants,   where,   in   the   first  of  his  equations  (158)   for 

•        1     ,  ,         •  \    +     K  ,  ,. 

Serrets      he  substitutes ■ — .  k  standing  for 

a  a  ° 

(i+ie")m!— Hfm4  — fjm! 

in  Delatjnay's  notation.  But  the  part  of  the  constant  of 
precession  produced  by  lunar  action  and  the  coefficient  of 
the  principal  term  of  nutation  are  augmented  by  about  a 
340th  part  through  the  solar  perturbations  of  the  lunar 
coordinates,  l'rof.  Harknf.ss's  innovation  brings  us  much 
neater  the  truth,  but  is  not  quite  rigorous.  When  the  ob- 
ject is  simply  to  show  how  these  phenomena  result  from  the 
forces  in  action,  and  an  appeal  is  finally  to  be  made  to  ob- 
servation for  the  values  of  the  constants  involved,  no  great 
objection  can  be  made  to  the  old  method.  Bui  when  we 
wish  to  derive  from  these  observed  values  the  mass  of  the 
moon  and  the  ratio  of  the  moments  of  inertia  of  the  earth 
it  if.  important  thai  the  factors  involved  should  be  deter- 
mined with  some  approach  to  rigor. 
The   differential   equations   for   precession  and  nutation. 

firsl  stated  by  PoiSSON,  are 

da_       _1_        dV  <h  1         dF 

dt  Cnsinto   tk  '  dt  Cn  sinra  doj 

V=  —  $(C— Jjftsin^  +  ^sin'a'  . 


Here  a  denotes  the  obliquity  of  the  equator  to  a  lixed 
ecliptic,  c'  the  amount  of  retrograde  motion  of  its  node  on 
this  plane,  C  is  the  moment  of  inertia  of  the  earth  about  its 
axis  of  rotation,  A  half  the  sum  of  the  moments  of  inertia 
about  the  two  principal  axes  lying  in  the  plane  of  the  equator, 
in  and  //<'  are  the  masses  severally  of  the  moon  and  sun,  rand 
)•'  the  distances  of  their  centers  from  the  center  of  the  earth, 
and  8  and  8'  their  declinations. 

When  we   treat   precession   alone,  it   suffices   to   substitute 

m  on1 

for  the  terms  -^  siu-(V-f-  — ,  sinsd'  their  non-periodic  portions. 

In  the  case  of  the  second  of  these,  neglecting  all  periodic 
perturbations,  we  can  assume  that  the  sun  moves  about  the 
earth   in   an   ellipse   whose    elements   are   slowly  changing. 

as 
From  the  theorv  of  elliptic  motion   we  know  that        cos  -Ji 

a?  '  ' 

and       sin  if  have  no  non-periodic  terms;   also  the  addition 
r' 

of  a  function  independent  of  w  and  ip  to  V  does  not  im- 
pair its  use  for  our  purposes.  Thus  it  is  plain  we  may  sub- 
stitute for  siu:5' 

— £  cos2w'  =  — .V[cosi  cosw — sin;'  siuoj  cos  (<.'  +  #)]-, 

where  &>'  denotes  the  obliquity  of  the  actual  equator  to  the 
actual  ecliptic,  and  i  the  inclination,  and  6  the   longitude 

of  the  node  of  the  latter  on  the  fixed  ecliptic.     Ami.   for 

— ,  may  be  substituted  its  non-periodic  term  (1 — e'-'i 

e'  denoting  the  eccentricity  of  the  earth's  orbit. 

If.  with  DELAUNAY,  we  denote  the  longitude  and  latitude 
of  the  moon  by  V  and   U.  we  have 

sin  8  =  cosw'  sin  V  +  siuw1  cos  f'sin(  V+4') 
—  sin2 5=  -ircos-  oj'siir  U+  —  sin  «'  cost./  sin  2 U si ix  I'-K' ) 

iit  771 

+  i^  siu-foVos^r—  J  -,  sinJw'cos2|  F-f 

- 1- 

As  il  is  evident  that  the  two  terms  of  tlie  latter  equation, 

which  involve  V.  are  wholly  periodic,  they  may  be  rejected  ; 

and    from    the  expression    we    may    subtract         »in-£'.  which 

1 


T  H  K     A  S  T  K  O  N  0  M  I  C  A  L     .TO  U  K  N  A  L . 


N°-  289. 


We  propose  to  compute  N  to  terms  of  the  seventh  order 
inclusive,  and  shall  make  use  of  Delacnay's  expressions  for 

the  lunar  coordinates.     However,  in  the  case  of     ,  the  ex- 

r 

pression  goes  only  lo  terms  of  the  fifth  order,  and  we  need 
the  non-periodic  term  of  this  coordinate  to  terms  of  the 
seventh  order.  Fortunately  Adams  has  published  the  ex- 
pression for  this  term  to  this  degree  of  approximation 
the  lunar  coordinates,  is  easily  found.     For  the  non-periodic      {Monthly  Not  ices,  Vol.  XXXVIII,  p.  172).    We  also  need  the 

coefficient  of  cos/  in   the  same  coordinate  to  terms  of  the 
sixth  order.     To  get  this  we  resort  to  Ponti'k  on  ant's  ex- 


does  not  contain  co  or  </'■      Thus,   for  precession,   we  may 

substitute  for     .  sin2  3, 

r 

to, 
1       [1—3  sin-  C7J  sin*  no'. 

,, 
Let  us  denote  the  non-periodic  term  of  -$  [1 — 3  sin2  rjliyN. 

The  value  of  this,  corresponding  to  elliptic  expressions  for 


term  of        is  (1 — e2)   'v'-\  and  sin /'is  equal  to  the  sine  of  the 

inclination  multiplied  by  the  sine  of  the  true  argument  of 
latitude.  Thus  the  elliptic  value  of  N,  in  Dei.aunay's  sym- 
bols, is 

(1— *)-«•  (l-Cf  +  6v*) 


To  obtain  the  part  of  N  which  arises  from  solar  pert ur- 

bation,  we  consider  first  the  function    ^ 

,  a  , 

perturbation  of  -  ,  so  that 


Let  6v  denote  the 


a? 


r„  J  r,r  »■„- 


f r  +  3  -  cV  +  dt* 


In  this  formula  it  is  sufficient  to  put 

a2 
»'„ 
a 

/•„ 


"  „  =  3  +  §  e-  +  |  e4  +  [6e+  J  eL']  cos  I  +  ■',,'•  e!  cos  21, 
=  3  +  [3e— |  e3]  cos  I  +  3e2  cos  21. 


'n 


pression.  His  e  and  y,  however,  differ  from  Dei.aunay's 
quantities  denoted  by  the  same  symbols,  and  a  comparison 

of  their  coefficients  of  sin/  and  sin  F.  severally  iu  the  ex- 
pressions for  the  moon's  longitude  and  latitude,  shows  that, 
in  order  to  obtain  Delainay's  form  for  the  coefficients,  we 
ought  to  substitute  for  Pontecoui.akt's  e  the  expression 

[1—|  tir+  ,ys  m'-f-^rV  "<4  +  4St*>iP  '""'> 
and.  for  his  y,  the  expression 

—  if  —  Hi  mi(i*7  —  -i-  »»*«'* r  +  eV  +  v,  pir 


Pontecoulant's  expression  for  the  coefficient  of  cos/  in  -  is  (  Thiorie  Analytique, Tom.  IV,  pp.  138,  --'76,332). 

r 

However,  it  must  be  noted  that  in  the  final  result  at  p.  568  I  Delacnay's  value,  as  far  as  it  goes,  agrees  with  this,  ex- 
he  has  315  instead  of  the  1707  at  the  end  of  this  formula.  cept  that  he  has  the  terms  f/'4e  —  £  j-V,  overlooked  by 
I  adopt  the  earlier  stated  number.     Substituting  for  Ponte-      Pontecouxant. 


coui.ant's  e  and  y  their  values  just  given,  we  get  as  the  co- 
efficient  of  cos/  in  terms  of  Dei.aunay's  constants, 

+  [  —  J  +  ^  m2 + »$&■  m3]  e3  +  [— |  m2— *$£*  ms]  ee'  2 
+  [tf™i+:LU1m:l?e  +  The* 


By  squaring  and  cubing  Sv  as  given  by  Dei.adnay,  aud 
preserving  only  the  terms  which  are  useful  to  us.  we 
get 


,v  =  ^m4  +  v  »»s  +  mpm*  +  no*  ™;+ [fit  m'+w  w'+mm*  »4+h**i*  m*y 

+  [  -<2'?9-  m*+^  m5y-  +  [— 2m4— V-  m5]/2  +  [^  m2+-Lf£|U  m3]e4 

2  2 

+  [«i  m2+  «Ay  m3]  J,  +  [H-W  »]«"  J2 

+  [V  m3+W3l»ft4  +  ~sUSm"  +  (W  w-+i;;^m:5)e2+V'  '»  ;e'L— ',.''  ^V]*  c°s  ' 

■fflfm'e8  cos  2/ 

8ra  =   .,'•,";.  y/t'1  +  [■§  m7  +  [HJ§  m4  + -/,'-./'  tti3]es 

a3 
By  the  substitution  of  these  values  in  the  preceding  equation  we  ascertain  the  non-periodic  term  of  -j  ;  to  which  we 

annex  the  few  periodic  terms  which  are  necessary  for  the  complete  determination  of  N: 


r 


(  1—  e2)-:v-'  +  \  m-  —  ,;'.,  m*  +  f|  in"  +  yam'1  +  iff 3  *"7 

+  [4 5s »«'•'+ "A9irs»*3-+  "i^::;5"''  +  ai;4!'..'Vi-'--'"l''lJe2—  [fj»i4+-v  »<'];• 
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+  [f  »(■  +  !,?■>■„,*+**:/■  ms]e'a+  ['*;"'  r+^Jirfje1 

—  ['iV  '«J  +  -i^  m?]&f  +  [—3ms+2£ma}?*  +  \% m2eM 

-f  3ecos'  +  !]  e2cosiV  +  [6m2— 9m8—  V  e2]/2cos  2F  +  [—V  +  Wm]Acos  (2F—  Z) 

+  i|i?n;"ccos(2F+0  +  [3m2+  V  »<+  ijp-m4-f-(i-ji  ,n  +  13JI  m2)e2—  V  »«"-  6m2;2]  cos  2D 

+  [V  m+  W  »i2]ecos(2Z>— 0  +  W  wi2ecos(2D  +  0  +  V m2e'cos(2D— Z') 

—  3-  ms  e'  cos ( 2D  +  Z'j  —  9m2  f  cos ( 2D— 2F) 


For  computing  the  periodic  development  of  sin  T,  ii  is 
sufficient  to  take 

sin2£7  =   U-—iiU,  +  &U* 

And  let  us  suppose  that  U  =  l'„  +  (',  .  Z~  denoting  the 
elliptic  portion,  and  U,  the  perturhaiional  portion.  Then,. 
employing  the  symbol  fl  to  denote  the  peturbalional  part. 

«(8iirD=(2  tT„— ?,  CV  +  ft  t  V  )  U,+  ( 1-2 Uf)  T,2-*  (To  E7,3 
=  sin  2  J70  •  C/i  +  cos  2  0,  •  Z7,2  —  3  { ;  ' ', 

But,  on  making  f,  =  2;-  sin  J1  and  t7t  =  J  j>m  sin  (2D — F), 
it  is  perceived  that  the  last  term  of  the  second  member 
contains  no  constant  part;  hence  we  neglect  it;  and  for 
(■<>-■_'(',  it  suffices  In  substitute  its  constant  term  1 — -if. 
Thus 

(HsiirT)   =   sin2r(l-  Ui+  (1—  4;'2){712 

For  sin  2Z70  it  is  sufficient  to  write  the  expression 

siir-T,  =   [4;'— 4ye2—  8f]  sin  F 

+  Are  sin(F+Z)  —  lye  sin(F—  /)  —  i  j'e2sin(F— 2Z) 

We  obtain  the  needed  expression  for  U,  from  Delavxay 
by  subtracting  his  value  of  U„  (Vol.  I.  p.  58),  from  his  value 
of  U  (Vol.  II,  p.  862;.  It  is  necessary  to  take  all  the  in- 
equalities of  the  second  and  third  orders  with  one  of  the 
fourth,  but  then-  coefficients  must  be  carried  to  terms  severally 
of  the  fifth  and  fourth  orders  inclusive.     Thus. 

Z7,  =       [|  m  +  jW  »r];V  sin( F—  V) 

—  [f  m—  !;!:  m^ye'  sm(F+l') 

—  [-j  '"L— V  '»'];'=  sin(F+Z) 

+  [Mi irf+^f-m?—  ^V  me*+  '„'<»;-'];<  Bin |  F—l) 

+  [— l+W  '"J;^' •-'"(/•— -'/) 

+  [V  m  +  -\V  "'•] ; '<■  sin ( 2D  +  F— Z) 

Tf-[f  /«  +  ;;!  »r  +   %V  >"'  +  Wll  ;  '"' 

+  (|m—  ';V  //r  );■■■];■  sin  (2D— F) 
+  [|  "<  +  W  >»*]?«'  sin(2D— F— /') 

TV 


—[|  m  i  yyi  „r'j;,  '  sin(2D— F+l') 
+  H  ro+Jjj  m2]ye  sin  (2D— F+Z) 
+  [3m+  i'ii  m2];'e  sin  (2D— F—  Z) 
For  the  elliptic  value  of  sin-  Ua  it  suffices  to  take 
sin2  L\,  =  2;2—  2;-1  —  2-/2  cos  2F 

+  4;'2ecos(F— 0  —ift  cos(F+/) 

By  performing  the  multiplications  we  get 
sin2U„-  L\  =  -[W  »r  +  ^'  >»3>Y 

+  [i'h  +  V-Ji»OeV— ]r' "" ■';' 

+  [Y/»r+-Y',;1  nr+(l—  ^  ••  m)e2+  '  ;'  w;2];VcosZ 

+  [—.;  +  ',;.  •  ?)i];'2e2cos2Z 

+  [—?,  ?>!.— I  m2+  m  m?+3me2+  '/  me'2]}-2  cos  2  £> 

—  ?,  (»;■-'  e'  cos(2D-"r)  +  |  mf  e'  cos(2D  +  Z') 

—  3m;'2ecos(2D  +  0  4-  [3/,,  +  V  m-]fe  cos(2D— Z) 
+  |mj-cos(2D— 2F) 

+  [-sffv-m2+j  1  :.'•'■  ,„  ■•■]--;  ■■ 
+  [»— *H»]«*r 

+  [],■  '"'"'+  ',';;'  <ir~\f-e  cosZ 

The  sum  of  the  three  parts,  of  which  it  is  composed,  gives 

sin2?7  =  [2+J'„  m2+|4ms+f£Hm4+W?¥»ft5]f 

+  [,\i  m2+Hila»»8]eT 

+  [fim2+^fms]e'2f-[2+^m2+W»8]/ 

+  [ff+W  m]^2—  'V'  r»(    ;" 
+  [i$a.m2+a|j.„t3+.(g_  LgiWi)e2+^  mfJfecosZ 

+  [— jj  +  ',;,■  m];  -  es  cos  21  —  2f  COS  2F 

+  4;-V  cos(2F— Z)  —  4rV  cos(2F+Z) 

+  [— I  m—  I  to'-+  fjf  m3+3mc2  +  '/'  me'-]f  cos  •_'/> 

— 5  mfe'  cos(2D— Z')  +  |  »-;•-'  cos(2D+Z') 

+  [3m  +  :V  m*]fe  cos(2D— Z)  —  Smfe  cosi  2D+Z) 

m;    sin(2D— 2F) 

a8 
tlie  series  given  for  -    by   thai   for   1  — 
j-3 


By  multiplying 

3  sin2  U,  and  retaining  only  the  non-periodic  terms,  we  obtain 
the  following  expression  for  N  (we  prefer  to  write  the 
portion  which  arises  from  elliptic  values  of  the  coordinates 
in  its  finite  form) . 

+  [|m2+W  '»4+'^^  >^>'2  +  [Hm2-fl  ma-   HH"*1       '  -"-<   w5]/2 

—  [';./+  V-/"»n]e4r  +  ['^■"  —  "!A'  m]e2/4-[v,i5m-4^'^'»]    '!,.  +  [7,0  —  *W  "']«''"   Tj 
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Tlie  expression,* given  for  this  quantity  in  Astronomical 
Papers,  Vol.  IV,  p.  515,  and  intended  to  be  exact  to  terms 
of  the  sixth  order,  is  rendered  erroneous  by  a  misprint  and 
some  omissions  in  Pohti  i  01  i  ant. 

The  principal  term  of  nutation  arises  from  the  term 

—  sin  w'  cos  m'  sin  2  U  sin(  V+4>) 
of  m  sin  S,  and,  using  always  Delaonai's  notation,  has  the 

7s 

the  argument  <p  +  h.  Hence  we  must  find  the  coefficient  of 
cos(^+A)  in  '',  sin2l7sin<  !'+</•),  which  we  will  denote  by 

A".  The  means  of  deriving  this  coefficient  I  have  given 
(.4s<ronomicaJ  Papers,  Vol.  Ill,  p.  233).  We  have  only  to 
sum  the  parts  of  the  term  (39),  and  double  and  reverse  the 
sign  of  the  whole  to  have  the  value  of  TV'.  But  the  ap- 
proximation is  carried  ouly  to  terms  of  the  fifth  order  in- 
clusive. It  seems  desirable  to  go  one  order  further,  and 
therefore  I  propose  to  complete  the  nine  sources  of  terms 
worked  out  pp.  216-229  by  the  addition  of  terms  which  are 
of  the  sixth  order.  It  is  necessary  then  to  add  to  the  de- 
velopment of  /■' at  p.  216  the  terms  in  three  dimensions  of 
or.  (fTand  8U.  However,  it  is  discovered  that  two  only  of 
these  contribute  anything  to  the  desired  coefficient,  viz.  : 

i    d7>>"   Sr2 SU+    ,^?°JTTdY8V8U 
-  dr<//7  drdVdU 

We  now  repeat  the  nine  divisions  of  pp.  217-229  with  the 
necessary  extensions,  so  far  as  they  are  needed  for  the  com- 
putation of  this  term  : 

I.     For  the  two  factors  it  suffices  to  put 

^  =  [— 3;-+V;-:'  —  l!;<]eos  U'-  +  7») —Srecos (<.■■  +  /«  ±7) 

+3ycos(<*+7t+2P)  —Bye  cos(4>+h+2F—l) 
<Sr  =   ( J -f-ie'2) >«'-'—  i;i:  m*  — fjm5  —  (^m'+^'Je  cos  I 
+  (_5e*-|-i  ;•■'•■  e2m  +  2m2— 3«r);-cos2F 
+  (— 1+  W  m)7~ e  cos(2P—  I) 
The  coefficient  of  cos  (<!>+k)  in  the  product  is 
—  ',y<'+^^»  +  (— h7+¥f+$7<?  —  I  Ye'3)  "r 


II.     For  the  two  factors  it  suffices  to  put 


'^j'.'  =  — ysin(4>+7i+2P)  +  \  ye  sin  (c'+7*  +  2F-/) 

8V  =  [—-,;■  e!+W  f  '"">+  V  f™~—  W  ;''"»''']  sin  -  F 
+  [_5r'e+'":    fi  m]  sin(2P— I) 

The  coefficient  of  cos  (</•  +  /<)  in  the  product  is 

III.     For  the  two  factors  it  suffices  to  put 

,//''1  =  —  |esin(4+7i+P+0  —  £esin(^+7t+P—  7.) 
—  f  essin(^+ft+P—  27) 


SU  =  [—  i ye m-  —  V  ye  m:!] sin ( F+  7) 

+  [_  5  fe+ 1  ye8  +  ( '  jj  '■  y  'e—  ' ./  .'■  ;  -   >  m 

+  W  /'em'  +  W  ;''"']  sin(  /•'—') 

+  [—  4  re'+  '.'-•'• ; ■< ■'-'  "0 si" ( F—  21 ) 

The  coefficient  of  cos  (c'+/()  in  the  product  is 

—  \'-]'i  ye- mi-  +  ,\.\  ye5  m  . 

IN'.     For  the  two  factors  it  suffices  to  put 

>  '1'1!:  =  —3;'  cos(tf'+.7i)  —  I  ye  GOs(<l>+h±l) 

Br*  =   i'-:';  es  m!  +  '175';.''  e2  m    f   '.;;  m*  +   V"  m' 
+  »/'  e  ro3  cos  I 

The  coefficient  of  cos  (c''  +  M  in  the  product  is 

—  f  1-3  -y  rn1  —  '  H  '-!  J  "•  ; e2  m '  —  J  V,  y  m1—  V  y  m5 

V.      For  the  two  factors  it  suffices  to  put 


•-■  dV 


z  ',  ;  eos  (>'+/,)  +  |  ye  cos  (<f>+h±l) 
—  |  y  cos  (>  +  7l+2P) 

SFS    =  (W^+ie'^  "»2  +  (^«-i!5f)  »*:: 
+  {SI  m*  +  ^  m5  +   ':;v  em3 COS  J 
+   ||  y2  m3  COS  -/' 

The  coefficient  of  cos  (v''+7«)in  the  product  is 

ffj-e'2)  m2  +  I  y"    ye5—  fff/8)  m= 

+  m  ;  »'4  +  H! ;  '"" 

VI.  For  the  two  factors  it  suffices  to  put 

'  'Hip  =  "-2;- cos  «■  +  /«  + 2P)  +2y  cos-W'+A) 
5C7-  =  ^f^  +  l  +■  ;j  ;   '"  eos2P 

The  coefficient  of  cos(v''+/')  in  the  product  is 

VII.  For  the  two  factors  it  suffices  to  put 

''"A^  =  — 3r  sin(c'-fA  +  2F)  +  3ye  sin(c'+/<±0 
drdv 

8r8V  =  —  ,V5  em''  sin '  —  1  f  '"  bil)  -^ 

The  coefficient  of  cos(v''+/0  in  the  product  is 

?;r»<;   . 

VIII.  For  the  factors  it  suffices  to  put 
d2Ii0 
drdU 


=  [_3+12  f+§  e2]  sin(v'-+7i+P) 


— 6e  sin(<!'+h+F+l)  —  V  f  sin(^+7i— F) 
Sr  ==  [^  e2m+(l— 2f+*fg-ei— f  e'2)ms 

+  V  nr-HfV-j"1]  cos2Z> 

—  .;  eW  cos  r  +  3  eW  cos(2Z> — I')    . 

+  ie'nr  cos(2D+V)  +\_\:-em+  '  ;V  '  »r]  cos (27)— Z) 

+  f|  em- cos (27)  +  /)—  3;/-'m-  cos (27)— 2P) 

and  the  necessary  terms  of  5 C7  may  be  selected  from  the  ex- 
pression for  E7i  previously  given.  The  product  of  the  two 
latter  factors  is 
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MU  =   [_  ||  ye"-  m2+  (-  f  y  —  %  f+  W  y<?-^enW 

—  f4/J»4 —  }"!i;'  F»6]  sin  F—  ||  ;cm::  sin(F+0 
And   the  coefficient  of  cos  ( </' 4- 7t )    in  the   product   of   the 
three  factors  is' 

IX.      For  the  factors  it  suffices  to  put 
ePRa 


[—1+4  f—  J,  e2]  cos  ( </■  4-  h  +  F ) 


dVdU 

-:je  cos(^  +  h  +  F+l)—!,ec.os(^  +  h  +  F—l) 

—  if  Cos  (v'  4"  A— F) 

sv=  [(— fr2+H«2)"»+  (V-  rSf+W-e2— Me'2)™2 

+  rll  w;+  W  w'jsin  2Z> 
— 3?'w  sin  Z'+  ;  •  eW  sin(2D— V)  —  \\  e'm1  a\o{2D+V) 
+  ['/■  e;«  +-',';.'  p»r]  sin  (2D— /)  4-  'J«2  sin(2£>4-/) 
4-  [•'  ;•-/«— V  ;■-/«-]  ain(2D—2F) 
and  as  before  the  necessary  terms  of  8U  may  be  taken  from 
{7,  given  previously.     The  product  of  the  two  latter  factors 
is 

svsu=  [(AZ+W^+lr^)^ 

+  ^ytn*+  -,'J'j'-V  y**5]  cos/M-  ;•  yem*  cos (F+ 1) 
+  [U  ■/e»r+  ',",.•  ye**3]  cos  (J7—/) 

And  the  coefficient  of  cos(v''+7i)  in  the  product  of  the 
three  factors  is 

—(A  r+  'J'.^'1  K+l  ;'e'2)^  -  ( ftfa  ;■- !  U  r+ '  I H  '  ; « 

|    .  ;.V^)W;:_:.>,;.W._^V.;VV   ..,„■■■ 

X.  For  the  factors  it  suffices  to  put 

I    '' '.,"    =  —3  siu(c'<4-/,4-F),     JrtP  =  — 1  ;v;r  sin  F 
-  drdl 

Tlie  coefficient  of  cos(c''4~//)  in  the  product  is  ,\  yms 

XI.  For  t lit;  factors  it  suffices  to  put 
=  — 3cos(v''4-/t4-F).     Sv  8V8U=  ,ys  ym5  cos  F 


drdVdU 

The  coefficient  of  cos(c''4-//)  in  the  product  is  —  ,/./,  yms 
Ry  adding   the  terms  arising   from   these   eleven   sources. 
and  multiplying  the  sum  by — 2,  and  joining  the  result  to  the 
part  of  N1  arising  from  the  substitution  of  elliptic  values 
for  the  coordinates,  we  obtain  the  following  expression. 
N'  =  2{\-<?)^7{\-2f){\-fy'* 

4-  [a*2-  ||  m"—m  »'*  +  WftV  '"^7 

+[W8q  «''+'i^7  w::]«7  +  [—  ,  »r+\:[?  iiry-y 

For  deriving  the  numerical  values  of  A"  and  .V  we  put 
tn  ==  0.07480133,  e  =  0.0548993,  ;■  =0.04488663, 


e'=  0.01677106, 


-  =  0.002576 


all  from  DelauNAY,  except  the  last,  which  is  modified  to 
correspond  to  the  value  8". 81  for  the  solar  parallax.  Then 
we  have 


N—  0.99241874  4-  279762-  4-  70454 

4-494!)"'  4-  2420"  4-  8427  4-  308  =  0.995372 
N'=  0.08972677  4-  251 153  —  1 1454 

4-  6485  4-  9146  4-  491  =  0.089987 

The  first  terms  of  these  expressions  are  the  values  which 
result  from  the  employment  of  elliptic  values  for  the  moon's 
coordinates;  the  following  terms  are  the  aggregates  of  the 
terms  of  each  order,  the  figure  above  denoting  the  order  ; 
and  the  last  terms,  obtained  by  induction,  are  added  to 
complete  the  series.  In  Peters's  Numerus  Constans  Nuta- 
tionis,  p.  27,  0.99212  and  0.08967  are  given  as  the  values  of 
these  two  quantities. 

In  seeking  readily  applicable  expressions  for  P  the  con- 
stant of  luni-solar  precession  and  the  coefficient  of  the 
principal  term  of  the  lunar  nutation  of  the  obliquity  .v.  we 
call  to  mind  that  the  first  is  usually  given  for  a  tropical  year, 
as   finding  a  more  general   use   in   the   theory  of  the  stars. 

lit,  1)h 

Moreover,  for  the  constants      ,  and—-,,  putting  .1/  for  the 

<<■  a'- 

mass  of  the  earth,  we  substitute  their  equivalents  in  terms 
of  the  times  of  revolution  of  the  moon  and  sun  about  the 
earth.  Let  us  suppose  then  that  T,  7".  7",  T'"  and  7  ,v 
denote  severally  the  times  of  the  rotation  of  the  earth  on  its 
axis,  of  revolution  of  the  earth  about  the  sun,  of  the  moon 
about  the  earth,  the  tropical  revolution  of  the  moon's  nodes 
and  the  tropical  year.  Then  we  shall  have  the  following 
expressions  for  P  and   _v  : 


194  4000" 


Tlv  T   C—A 


T1    T1      0 


M+m 


,  (1-e'2)-*" 


"•*?=(£<■ 


2v=  a 


TTm  q__a 


.1/  '  m  7,1,'-•       C 


N'  cosm' 


The  first  factor  of  P  is  simply  .">,7  in  sexagesimal  x-conds 
of  arc.  All  the  quantities  entering  into  the  right  members 
of  these  equations  are  known  with  precision,  except  the 
C—A       ,       m 


two  ratios        ,_,        and    , 

C  M-t  hi 


Let  us  deduce  numerical  ex- 


pressions for  j'  and    .V    for  the   epoch    1850.      We   assume 


0.07480133 


T 

jn         3 

.;.;.-_>.-..:.;.;    3 

y.!'    = 

yin 

'jni    " 

R7  9  ft   ::  '. ■  '■ 
-T..I  J  1  ....   1 

;   31     6a 


For  convenience,  writing   the   C mon    logarithms   ol    till 

numerical  factors  in  brackets,  we  have 

/•  =  [3.6876097]  ''~A  +  [5.9375945]  -^~ 

L  J      G  M  4  / 


■m     C 


^V=  [5.3654318] 


G—A 


M+w      C 


These   expressions  give    the   quantities   immediately    in 

seconds  of  arc. 
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(j j^ 

When  it   is  desired  to  get       ~     and 


C  M+m 

values  of  /•  and  .v.  the  following  formulas  serve : 

^-  =  [6.3123903]p  —  [6.8845580]iv- 
m  [8.3221 779]  jy 


from  given 


M+m     '    V—  [0.5721 627]. V 


As:in  illustration  let  us  take  Strdve's  value  of  the  luni- 

solar  precession  and  Peters's  value  of  the  nutation  constant. 
Reduced  to  the  epoch  1850,  they  may  be  set  down  at 
50".38227  and  9".22355.     Then, 


G— A 
C 


II.O(i:!272995, 


M+m  ~  82.31500 


OBSERVATIONS   OF   WINNECKE'S   COMET   AND   COMET  1892  I, 


MADE   AT  THE  CINCINNATI   OBSERVATORY, 

By  J.  G.  PORTER. 


1892  Cincinnati  M.T. 

* 

No. 
Comp. 

&r'a  apparent 
a                         8 

logpA 
for  a      1     t or  6 

Winnecke's  Comet. 

June  20 

22 
25 

h        m        S 

10     5  33 
9   5  5   18 
9   13  20 

1 
2 
3 

8  ,  6 
8  ,  6 
8  ,  6 

+  0  18.47 
+  1   47.35 
—2  35.51 

—4  45.6 
—2  33.4 
—4   19.7 

ti        m        s 

9  56  34.96 
9  44   39.92 
9  22  29.4  6 

o       i 

+  39  28 
+  38  37 
+  36  50 

46.3 

11.5 

3.8 

9.774 
9.767 
9.758 

0.648 
0.594 
0.666 

Comet  1892  I. 

July   14 
19 

Sept.  17 
22 

l(i    15  36 
9  53   19 
8   10     9 
7  48  51 

1 

5 
6 

7 

6  ,  6 

8  ,  6 

7,8 

10  ,  8 

+  0  56.90 
—  1    18.66 
—0     4.31 
—0  21.06 

—6  21.7 
+  5     0.2 
+  2  57.2 
—0  23.0 

0  58  44.87 

1  1   37.40 
0  20  24.66 
0  14     2.41 

+  49  23 
+  50   13 
+  50  31 
+  49  30 

1.8 

7.7 

10.7 

35.3 

j(9.84  2 
?i9.831 

w9.815 
((9.802 

0.651 
0.723 
0.114 
0.118 

Mean  Places  for  1892.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 
4 
5 

6 

7 

h       in        s 

9  56  16.28 
9  42  52.45 
9  25     4.95 

0  57  47.09 

1  2  54.99 
0  20  26.02 
0  14   20.55 

+  ol21 
+  0.12 
+  0.02 
+  0.88 
+  1.07 
+  2.95 
+  2.92 

0    i     a 

+  39  33  21.6 
+  38  39  35.0 
+  36  54   14.3 
+  49  29  28.8 
+  50     8   12.0 
+  50  28     0.0 
+  49  30  43.0 

+  10.3 
+   9.9 
+   9.2 

—  5.3 

—  4.5 
+  13.5 
+  15.3 

Lund  A.G.Z. 

Cincinnati  Mer.  Cir.  1  obs. 

Lund  A.G.Z. 

Oe.  Arg.  104  2 

Oe.  Arg.  1 138  ;  Rogers  A.G.Z.  523 

B.B.VI.  +  50°71  ;  Rogers  A.G.Z.  1  71 

B.B.  VI,  +49°50 

RING-MICROMETER   OBSERVATIONS   OF   COMET  / 1892  (holmes), 

MADE   AT  COLUMBIA   COLLEGE   OBSERVATORY,    NEW    YORK,    WITH   THE   RUTHER1  URD    13-INCH    EQUATORIAL, 


By  HA  HOLD  JACOBY  and  J.  T.   MONELL. 


189.".  Columbia  Coll.  M.T.     -X- 


Jan. 


21  9  20  35 
9  36  55 

25  8  37  40 


No. 

Comp. 

3 
3 
3 


#- 


/la 

o'.81 

0.63 


+  21 
+  21 


— 0  3.01 


/S 

41.1 
■10.1 
6  38.9 


1 


^', 


28    12.77 
28  43.01 


apparent 

8 

+  33°  39  2."..  I 
+  33  39  22.4 


logpA  obs. 

for  a  for  J 


9.666 

:u;s;; 


0.463     Jac. 
0.496     Mini. 


1   34   12.50        +33  41    25.0      9.624     0.391      Jac. 


Mean  Places  for  1893.0  of  Comparison- Stan 


I    29  44.51 
1  34   16.42 


Reduction 

—0*87 
—0.91 


+  33   17  34.1 
+  33  47  55.7 


Reduction 

n 
+  8.2 
+  8.2 


Aul  horitv 


Paris  1963 

Weisse's  Bessel  I,  726 


According  to  the  above  observations,  Schulhof's  epbemeris 
{A.N.  3140)  requires  a  correction  of  +0».35  and  —  2". 5  on  Jan.  21, 
— 0s.  1  and  +3"  on  Jan.  25. 


Jan.  21,  the  comet  was  circular,  with  a  strong  central  conden- 
sation, and  bright  stellar  nucleus. 

Jan.  25,  the  comet  had  lost  its  stellar  nucleus,  but  still  had  a 
slight  central  condensation.     It  was  circular. 
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OBSERVATIONS   OF  COMET  g  1892  (imooks), 

MADE  AT  THE  VASSAlt  COLLEGE  OBSERVATORY, 

By  MARY  YV.  WHITNEY  and  MARY  S.  WAGNER,  Student-Assistant. 


1893  Poughkeepsie  M.T. 

* 

No. 
Comp. 

da 

-* 

6^'s  apparent 
a                            S 

log 

for  a 

PA 
ford 

Obs. 

h       m        a 

Jan.  19     8      1      2 
.      10     7   4."! 

20  7  55    1 1 

21  8      1    15 
9  5711 

1 

2 

3 

'  4 

5 

4 

4 
6 
5 
4 

III            B 

—2     1.80 
—0   17.28 
+  0  36.40 
+  0     5.50 
—  1    11.23 

/          // 

+  4     6.3 
+  0  59.6 
+  8  :;•-'.  1 
—2  22.3 

—  1    20.9 

h        in          e 

22  58  51.08 

22  59  32.62 

23  5  37.19 

2.'!    1  1    50.08 
23   12  19.9 

+  48  53  25.8 
+  48  46   12.9 
+  47  31   21.8 
f  46   11   39.2 
+  46  8.8 

9.812 
9.807 
9.796 
9.787 
9.793 

0.413 

0.724 
0.403 

0.437 

0.7(19 

W 

Wa 

W 

w 

Wa 

Mi  an    Places  for  1898 

\0  of  Com j ><i rison- Stars. 

* 

<x 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

.  Authority 

1 
2 
3 
4 
5 

ll          IT)          8 

23     0  55.09 

22  59  52.12 

23  5     2.94 
23   11   46.67 
23   13  33.2    . 

—28. 21 
—2.22 

—2.15 
—2.09 
-2.08 

+  48  49   15.1 
+  48  45     9.0 
+  47  22  45.6 
+  46   14     5.6 
+  46   10.1 

// 
+  4.4 
+  4.3 
+  4.1 
+  4.1 
+  4.2 

Oe.  Arg.  25113 
Oe.  Arg.  25083-4 
Stiuve  2796  (1830) 
Riimker  10971 
DM.  45°4190 

The  position  of  comparison-star  no.  4,  of  the  series  pub- 
lished Fell,  8,  differs  considerably  from  its  position  as  de- 
duced from  Prof.  Rogers's  observations  in  the  Cambridge 


A. G. Zone.  Prof .  Rogers  made  live  observations  of  iliis 
star.  The  following  are  the  coordinates  of  the  cornel  as 
referred  to  the  Cambridge  position. 


Jan.  16" 


;;i"'  :;r 


u  =z  22''  33'"    Hi  .19 


8  =  53°  21'   12".8 


OBSERVATIONS   OF   COMETS, 


MADE    AT   GOODSELL   OBSERVATORY,    NORTHFIBLD,    MINN..    Willi    THE    16-INCH    REFRACTOR   AND    PILAR    MICROMKTKR, 

BY    II.    C.    WILSON. 

[Communicated  by  Wu.  W.  Payne,  Director.] 


1892-93  Northfleld  M.T. 


No. 
Comp. 


'-* 


.la 


,/S 


's  apparent 


logpA 

for  a       I     fori! 


Dee.  10 
16 
23 
5 
7 
16 
18 


.Ian 


19 
15 
27 
24 
11 
19 
40 


Jan.     7 
12 


9  ;;i  28 

7     7     2 
7     7     2 
16       6  45   17 


Comet/  1892  (Holmes). 


1 

9  ,  6 

2 

6  ,  6 

3 

5  ,4 

4 

10  ,  6 

5 

11.1 

6 

10,6 

7 

1 2  ,  •; 

7 

11  ,  6 

111 

—  1 

18.91 

— 0 

7.01 

+  4 

24.94 

+  0 

39.97 

+  1 

6.52 

+  1 

.",.11 

— 0 

8.91 

— 0 

6.7.", 

+ 

4 

3. 6 

+ 

6 

50.5 

+ 

2 

24.2 

— 

7 

2.6 

+ 

1 

19.2 

10 

13.7 

+ 

1 

27.8 

+ 

1 

26.9 

h        in        s 

0  46  34.34 
0  50  15.10 
0  55  4  2.68 
8  41.53 
10  58.96 
22  3.33 
24  38.49 
2  1   40.65 


+  35 
+  34 
+  34 
+  33 
+  33 
+  33 
+  33 
+  33 


13 
45 
19 
48 
15 
39 
38 
38 


Comet  g  1892  (Brooks). 


8 

9  .  6 

9 

8",  6 

10 

8  ,  6 

11 

6.1 

— 0  8.24 
+  0  32.18 
— 0  16.16 
—2  23.43 


+  9  82.6 

—  2     2.9 

—  1     5.8 
+  1    38.1 


19   50  10.11 

21    4  1  50. 

2 1  11  51. 

22  :;:;  31.29 


17.8 
53.4 
34.6 
38.6 
42.2 
12.9 
54.2 
53.3 


6 


+  65  25  4 
+  59  32.0 
+  59  31.9 
+  53    15   28.1 


»8.273 
«8.618 

9. 091 
9.19(1 
9.368 
9.526 
9.422 
9.530 


9.869 
9.904 
9.904 

9.784 


Jan.  16        9   26   4  7 


Comet  a  1892  (Swift). 

9  ,  6  |  — 1    17.84  |  —   1      1.8  |     0  22  2.S.38  |    +25  53    19.3  |     9.651 


o.l  13 
0  168 
0.212 
0.249 
0.302 
0.400 
0.331 
0.402 


0.81S 

0.21.". 
0.213 
0.052 


0.1;;:, 


*  Observation  by  A.  G.  Sivaslian,  Student  in  Astronomy. 
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Mi  a  a    Plaas  for   1892.0  and   1893.0  of  Comparison- Stars. 


Red.  ti 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

i)    17  50.53 

+  2.72 

o 

+  35 

8    16.0 

H 

+  28.2 

Leyden  A.G.  Zones  235,78 

2 

(i  50   19.46 

+  2.65 

1  3  1 

38  85.0 

+28.0 

Levden  A .( ; .  Zones 

o 

0  51    15.17 

+  2.57 

+  31 

16    12.1 

+  28.0 

Leyden  A  G.Zoues  231.73;  328,42 

4 

1     8     2.32 

— 0.76 

+  33 

55  32.6 

+   8.6 

Leyden  A.G.  Zones  343,40;  :;  1 7,1 3 

0 

1     9  53.22 

—0.78 

+  33 

-14    14.5 

+   8.5 

Leyden  A.G.  Zones  343.1;; ;  .".93,12 

6 

1    21      1.06 

—0.84 

+  33 

4!)   18.3 

+   8,3 

Levden  A.<i.  Zones  343,48  ;  347,24 

i 

1   24   48.24 

—0.84 

+  33 

37   18.0 

+   8.4 

Leyden  A.G-Zones  2  12.61 ;  343,52;  393,20 

8 

19  50  22.08 

—3.73 

+  65 

16    14.4 

—  5.4 

Curistiania  A.G.C.  3097 

9 

21    11    21. 

—3.11' 

+  59 

34.0 

+    1.8 

DM.  59°2414.    9". 5 

10 

21    12  30 

—3.12 

+  59 

33.0 

+    1.8 

DM.  59°2417.    9".5 

11 

22  35  57.23 

—2.51 

+  53 

13  45.9 

+   4.1 

Greenw.  10-yr.  Cat.  3807 

12 

0  23  47.32 

—  1.10 

+  •25 

54   17.8 

+   3.4 

Lalande  643 

Notes  on  Comet/  1892  (Holmes.) 

IS:'!'  Dee.  in.  Comet  very  faint;  nucleus  about  12  mag.;  nebu- 
losity about  V  in  diameter. 

Dec.  14.  Very  faint,  but  large  in  5-inch  finder.  Tail  extends 
across  the  whole  diameter  of  the  field  of  view,  1-  15'.  The  width 
just  back  of  the  nucleus  is  about  20'. 

Dec.  1G.  Very  faint  but  large.  Slight  condensation  about  nu- 
cleus.    Diff.  of  R.A.  measured  with  micrometer. 

Dec.  23.  Very  faint  but  easily  seen  in  5-inch  finder;  about  15' 
in  diameter.  In  16-inch  but  little  could  lie  seen  except  the  conden- 
sation about  the  nucleus,  1'  or  less  in  diameter.  When  the  light 
was  turned  oft'  for  some  time,  I  could  trace  the  nebulosity  to  a  dis- 
tance of  about  5'  on  the  preceding  side  of  the  nucleus  and  farther 
on  the  following  side. 

1893  .Ian.  5.  Exceedingly  faint.  In. the  large  telescope,  with  no 
light  for  a  considerable  time,  by  sweeping  I  can  see  very  extensive 
nebulosity,  but  exceedingly  faint.  There  is  a  small  brighter  patch 
about  .".0"  in  diameter,  which  I  take  to  contain  the  nucleus.  It  is 
slightly  condensed  in  the  center.  In  the  tinder  the  nuclear  conden- 
sation is  not  visible,  but  the  comet  is  quite  large.  I  can  trace  the 
tail  to  at  least  one  diameter  of  the  fieid  (1°  15')  and  the  width  at 
the  head  is  about  one-third  diameter  of  the  field. 

Jan.  7.     Appearance  same  as  on  Jan.  5. 

Jan.  12.  Very  faint  nebulosity  sen  with  5-inch  finder.  In  the 
large  telescope  a  bright  star  (DM  33°  220,  6M.3)  hid  the  unclear 
condensation  from  view. 

Jan.  1G.  I  was  astonished  to  rind  in  the  place  of  the  nucleus 
what  looked  like  a  very  bright  planetary  nebula.  Took  micrometer 
measures  first  from  a  10"  star  near  it,  to  be  sure  it  was  not  a 
nebula.     In  10  minutes  motion  in  R.A.  was  evident.     The  comet 


was  small  and  round,  about  :'.0"  in  diameter,  with  a  dense  nucleus. 
At  tirst  the  nucleus  was  very  hazy,  but  later  was  sharply  defined, 
and  about  8  magnitude.  The  comet  was  watched  from  7h.30  to  10h 
p.m.,  with  an  intermission  of  half  an  hour  while  Swift's  comet 
was  observed. 

Jan.  18.  Comet  bright.  Nucleus  very  dense,  but  not  stellar. 
Coma  more  than  1'  in  diameter,  slightly  elongated  in  P.A.  45°±  ; 
fainter  than  on  the  16th.  Faint  trace  of  tail  extending  .V  or  more 
in  P.A.  45°.  Nucleus  larger  than  but  not  quite  so  bright  as  the 
comparison  star  (DM.  33°  24G,  8M.l). 

Jan.  21.  At  7,  p.m  ,  comet  bright  and  larger  than  on  the  18th. 
Nucleus  fainter;  =  10M  star.  Coma  bright  in  center,  fading  out 
towards  the  edges,  oval  in  shape,  witli  the  nucleus  eccentric. 
Diameter  of  coma  about  2'.  Outside  of  this  I  can  see  very  faint 
nebulosity,  which  is  probably  the  old  comet.  It  extends  about  4' 
from  the  nucleus  in  P.A.  225°,  and  further  in  the  opposite  direction. 
It  is  very  difficult  to  find  where  the  comet  ends  and  the  dark  sky 
begins.  There  is  a  new  tail  developing  from  the  new  coma  in 
P.A.  45°± 

Notes  on  Comet  </  1892  (Brooks.) 
Jan.  7.     Comet  bright,  witli  well-defined  nucleus  and  short  tail. 
Jan.  16.     Comet  bright,  with  sharply-defined  nucleus.  SM.5.    Tail 

extending  beyond  field  of  large  telescope.     Easily  seen  in  5-inch 

tinder  but  not  very  conspicuous. 

Notes  ox  Comet  a  1892  (Swift.) 
Jan.  9.     Invisible  in  5-inch  finder.      In  lG-inch  small  and  quite 
condensed  in  center. 

Jau.  1G.  Comet  faint,  round,  30"±  in  diameter,  with  slight  cen- 
tral condensation. 


OBSERVATION   OF   COMET  /'  1892  {holmes  . 

MADE    AT   THE   I.EANDEK   MCCORMICK    OBSERVATORY. 

By  ORMOND  STONE. 

v —  ^f-  o^'s  apparent 

1893  L.  Met.  M.T.  *  da  /S  a  8 


Feb.  13     !»  42  26  20  ,  4  +1    2.70 


-0  52.1 


2  2  59.25        +34  8    10.6 


a 

h      in 

2    1    57.57 


Mean  Place  for  1893.0  of  Comparison- Star. 

Reduction  §  Reduction  Authority 


—1.02 

Comet  faint,  round,  2'  or  '■'>'  in  diameter. 


+  34  8  54.8 


+  7.9 


Leyden  Zones  307, 42  ;  398,28 
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Observations  of  Winnecke's  Comet  and  Comet  1892  I,  by  Prof.  J.  G.  Porter. 

Ring-Micrometer  innervations  of  Comet/1892  (Holmes),  by  Messrs.  Harold  JaCOBY  and  J.  T.  Monell. 
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MAXIMA    AND    MINIMA    OF   VARIABLE   STARS,   OBSERVED   IN   1892. 

I5y  TAIL  s.  yendell. 

VIII. 


1628.     T  Cam<  lopardalis. 

a  =  4"  26'"    l\         8  =   +  65°  53'  (1855). 

This  is  another  of  the  list  of  stars,  some  of  the  results  of 
inv  observations  of  which  were  published  in  no.  279  of  this 
Journal.  Espin  {Astron.  Naehr.,  Vol.  127.  p.  Ill)  announ- 
ces it  as  variable,  and  says  the  variability  has  been  con- 
tinned  at  Harvard  College  Observatory;  the  star  is  nol  in 
the  Durehmusterung. 

Between  1891  Dec.  1  and  1892  April  19,  I  looked  for  il 
six  times  without  seeing  it,  from  which  I  infer  that  during 
that  time  it  was  certainly  below  IP'.O.  On  1892  Oct.  14.  I 
found  it  about  9U.6  ;  since  this  date.  I  have  observed  it 
twenty-four  times  in  all  —  the  lasl  observation  being  1893 
Jan.  20. 

The  star  varied  little  during  the  first  month's  observations, 
but  after  Nov.  13  it  rose  steadily  and  rapidly  to  8". 2,  -which 
magnitude  it  reached  Dec.  11  :  it  continued  at  about  the 
same  brightness  until  1893  Jan.  2.  but  on  Jan.  16  it  showed 
a  marked  decrease,  and  on  Jan.  20,  when  last  observed,  had 
fallen  to  8M.7  ;  the  observations  indicate  a  maximum  of 
8*.2  on  1892  Dec.  28.  The  star  is  a  trifle  redder  than  R 
Andromedae,  or  about  6  of  Chandler's  scale  of  redness. 

906.     RTrianguli. 

This  star  has  been  under  observation  since  1892  Aug.  21, 
when  it  was  just  held  in  a  very  clear  sky.  its  magnitude 
bring  estimated  at  12". 4  ±  ;  it  rose  pretty  rapidly,  with  some 
fluctuations,  to  a  maximum  of  5". 9,  which  is  indicated  in  my 
observations  on  1892  Nov.  28.  The  decrease  has  not  been 
30  Steady  and  rapid  as  the  increase,  though  the  maximum  is 
pretty  definitely  indicated  ;  after  decreasing  to  6M.7,  the  star 
remained  at  nearly  the  same  light  from  1*92  Dec.  11  to  1893 
Jan.  2.  On  Jan.  20.  when  last  observed,  it  had  fallen  to 
about  8".0. 

The  interval  between  the  last  maximum  and  this  one  is 
2i!2d ;  this  accords  well  with  the  provisional  elements  pub- 
lished by  myself  in  this  Journal,  Vol.  XII,  p. 90. 

1717.      VTauri. 
Eight  observations  of    VTauri,   from    1892    Sept.   20    to 
Nov.  11.  indicate  a  maximum  of  9".0  to  9M.5  on  1892  Oct. 
15. 


19*1.  S  Camelopu rdul /.< . 
The  variability  of  this  star  was  confirmed  by  me  in  this 
Journal.  Vol.  XII,  p.  114.  Observations  have  been  con- 
tinued upon  the  star,  ami  indicate  a  minimum  of  10*. 7±  to 
have  occurred  1892  Dec.  18;  the  star  was  at  no  time  lost 
siodit  of.  The  interval  between  this  minimum  and  the  one 
occurring  on  Feb.  l*  of  the  same  year   is  304  days. 

2815.     V G<  minoriim. 

During   the  recent    maximum   of    U  Geminornin   I    secured 
six  rather  scattered  observations,  as  follows  : 
1892  Dec.  9.354   not  seen:   limit  of  visibility  ll"±. 


H 

XV 

11.344 

9.8 

4 

.385 

9.8 

4 

15.347 

9.2 

4 

16.330 

9.3 

4 

20.337 

10.0 

4 

22.350 

10.7 

4 

26.319 

Hi  ll    seell 

li 

limit  of   visibility  <  10"  ;    pn 

at  1st  quar. 

The  second  observation  on  Dec.  11    was  made  as  a  check 

upon  the  first,  which  was  taken  at  a  low  altitude  of  the  star, 
the  sky  being  somewhat  hazy  also  :  these,  in  view  of  the 
observation  of  Dec.  9.  appear  to  belong  to  the  rising  branch 
of  the  curve;  an  interval  of  three  cloudy  evenings  pre- 
vented observation  until  the  15th.  and  a  similar  gap.  from 
the  same  cause,  occurs  between  Dec.  16  and  20. 

Mr.  Geokgk  Knott,  in  a  private  letter,  informs  me  that 
be  found  the  star  9*.5  on  Dec.  12.  and  about  the  same  on 
the  following  night.  Taking  these  in  connection  with  my 
own  observations,  it  seems  probable  that  the  maximum  was 
passed  Dec.   1  5. 

7192.     ZCygni. 

I  have  fifteen  observatious  of  this  star  from  1892  July  30 
to  1893  Jan.  21.  On  the  first-named  date  its  light  was 
estimated  at  9".7 ;  on  Aug.  16.  it  was  looked  for  but  not 
seen,  the  limit  of  vision  being  estimated  as  <  1 1".0.  On  Oct. 
19.  it  was.  by  eve-estimate,  9".5  ;  after  this  latter  observa- 
tion it  rose  steadily  to  a  maximum  of  8M.0.  which  is  indi- 
cated on  1892  Dec.  7.  The  first  three  observations  seem  to 
point  to  a  minimum  about  the  middle  of  August. 

'■' 
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1892  June  22.3 

9.5 

Aug.  29.0 

9.5 

Oct.  24.0 

9.5 

7257.     R  Sagittae. 

Forty-two  observations  of  R  Sagittae,  from  1892  June  1 
to  Nov.  23,  indicate  two  maxima  and  tbree  minima,  as  fol- 
lows : 

Maxima  Minima 

1892  July    20.0     8*6 
Sept.   18.0     8.9 

At  the  last  observation,  1892  Nov.  23,  the  star  was  appa- 
rently well  on  its  way  to  a  maximum,  having  risen  to  9M.0. 

7259.  RS  Gygni. 
I  have  twenty-two  observations  of  RS  Gygni.  At  the 
first,  on  1892  July  25,  its  light  was  about  7M.8  ;  it  decreased 
steadily  until  Oct  19,  when  it  was  estimated  at  10M.0;  the 
next  observation,  on  Nov.  11,  showed  a  marked  increase, 
which  has  continued  until  observations  on  the  star  were  dis- 
continued, the  last  being  1893,  Jan.  21,  9*.0. 

7299.     UGygni. 
Twenty-five  observations,  from  1892  Aug.  7  to  1893  Jan. 
21,  indicate  a  minimum  of  9M.6  on  1892  Sept.  9.  and  a  max- 
imum of  8M.6  on  1892  Dec.  7. 


7428.     V  Gygni. 
VCygni  was  observed  from  1892  Oct.  24  to  1803  Jan.  21  ; 
a  maximum  of  8M.8  occurring  1892  Nov.  '-'5.     When  last  ob- 
served it  had  dropped  nearly  to  10". 0. 

7754.     W  Gygni. 
A  sharply  marked  minimum  of  this  star,  6". 7,  occurred 
L892  Dec.  22  ;  when  last  observed.  1893  Jan.  1G,  it  had  risen 
fully  half  a  magnitude. 

7795.      R  VCygni.    (592  Bir.) 
Since  my  announcement  of   the  variability  of    this   star 
(Vol.  XII.  p. 155),    it    has   passed   a  minimum    of  9M.0  on 
1892  Dec.  16.     This  is  confirmed  by  the  observations  of  Mr. 
Pakkhihst,  communicated  in  a  recent   private  letter. 

8153.  R  Lacertae. 
R  Lacertae  was  looked  for  and  not  seen,  on  five  occasions, 
from  1892  July  25  to  Oct.  10,  the  limit  of  vision  being  11M.0 
to  11M.5.  On  Nov.  11  it  was  fairly  held,  and  estimated  at 
1 1M..5  ;  including  this  observation,  it  was  seen  on  eight  even- 
ings, the  last  being  1892  Dec.  2G  ;  a  maximum  of  9*. 2,  on 
Dec.  5,  is  indicated,  by  these  observations.  On  1893  Jan. 
17  the  star  was  found  to  have  fallen  below  the  grasp  of  my 
telescope. 


The  designations  of  the  variables  1623,  1981,  and  7705  are  taken  in  advance,  through  the  courtesy  of  Dr.  Chandler,  from  his  forth- 
coming Catalogue  of  Variable  Stars. 

Dorchester,  Mass.,  1893  Jan.  29. 


MICROMETRIC   OBSERVATIONS   OF 

MADE    WITH   THE   36-INCH    REFRAC 

By  E.  E.   B 

The  following  observations  of  the  satellite  of  Neptune 
have  been  made  with  the  filar  micrometer  of  the  36-inch 
equatorial.  They  refer  to  the  center  of  Neptune,  the  disc 
of  the  planet  being  bisected  in  the  observations  with  the 
micrometer  wire. 

With  the  great  telescope  the  satellite  was  a  bright  and 
easy  object  to  measure. 

Upon  examining  the  planet  on  October  2,  the  satellite 
presented  the  appearance  of  a  close  double  star,  being  then 
in  extremely  close  proximity  to  a  small  star.  The  two  ob- 
jects finally  became  so  close  during  the  observation  as  not 
to  be  separately  distinguishable. 

I  have  also  measured  the  positions  of  two  small  stars  seen 
near  the  planet  on  1892  November  13.  and  1893  January  8. 
The  one  seen  January  8  was  very  faint  on  a  first-class 
night.      It  was,  however,  distinctly  visible. 

The  observations  are  all  in  Standard  Pacific  Time,  which 
is  etght  hours  slow  of  Greenwich. 

The  circle  for  reading  revolutions  of  the  micrometer-screw 
reads  up  to  110.  In  the  measures  of  distance  the  threads 
were  set  perpendicular  to  the  line  between  Neptune  and  the 
satellite  by  the  position-circle. 


THE   SATELLITE   OF   XEPTUNE, 

TOR    OK    THE    IRK    OBSERVATORY, 

ARNARD. 

1892  October  2. 
Observations  of  the  close  conjunction  of  the  satellite  of 
Neptune  with  a  fixed  star. 

Distance  between  the  Satellite  and  the  Star. 
13  53°W    |     28.962     |       0.52     |     2  obs. 
Threads  interchanged. 

13  55"'47*  |     29r.077     |       0.62     |     2  obs. 

Position-Angle  of  the  Star. 
Circle  P.  A. 

14  o"  (/    |       154^8    |    326.1     |     2  obs.  star  n.  of  satellite 

The  small  star  was  about  one-half  magnitude  brighter  than  the 
satellite.     Magnifying  power  =  520  diameters. 

\ih  ('>'".  The  satellite  and  star  are  too  close  to  measure.  It  is 
all  but  impossible  to  separate  them. 

During  the  measures  for  the  position  of  the  satellite  (14h26'"  to 
14l1  32m)^  it  was  impossible  to  separate  the  two  with  either  700  or 
520  diameters. 

At  14''  40'",  with  520  diameters,  the  satellite  was  perhaps  visible 
very  close  s.p.  the  star. 

At  16h  15»"  returned  to  Neptune.  The  satellite  and  star  widely 
separate. 

Though  this  was  an  exceedingly  close  conjunction,  there  was  no 
actual  occultation. 
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(  Neptune  —Satellite).     J« 


14  26  40  30.4G0  —14.32 

14  27  50  20.405  —13.78 

Setting  of  position-circle  for  the  above 

Position- Angle  of  Satellite. 
Circle  P.  A. 


Coincidence  of  threads 

=  29\014 
=  188°.7. 


14  29   40 

277.6 

14  31   15 

270.4 

14  32   15 

275.7 

S.s.9 
87.7 
87.0 


Parallel  =  2< 


1892  November  13. 

Position-Angle  of  the  Satellite. 
Circle 


10  47  20 

248.6 

10  49  37 

249.0 

10  52   17 

249.2 

h        in        3 

Distant 

r 

10  55     5 

31.013 

10  56  50 

31.068 

10  58     5 

31.036 

11      3  50 

31.000 

P.A. 

61.2 
61.6 

61.8 


Parallel 


"A 


Distance  from  Center  of  Neptune. 


16.97 
17.52 
17. I'll 
16.S4 


Coincidence  of  threads 
=  29r.299 


Setting  of  position-circle  for  distance  =  389°.5 

1892  November  18. 
Position-Angle  of  the   Satellite. 
Circle  P.A. 


1113   23 
1  I    15    13 

H   16  38 


100.0 

99.8 

100.1 


91.9 
91.7 

9  2.0 


Parallel  =  278°.l 


Distance  of  Satellite  from  ('enter  of  Neptune. 

r  II 

13.95 

13.71 

13.90 


11    P.)     8 

30.699 

11   20  38 

30.675 

1  1   22  28 

30.695 

Threads  interchanged. 


14  23  3:1 
14  26  3 
14  28     3 


27.sss 


.932 


13.89 
13.46 
27.940  13.38 

Setting  of  position-circle  for  distances  ==  190°. 
Satellite  bright,  but  wind  shaking  telescope. 

1892   November  20. 
Position-Angle  of  the  Satellite. 
Circle  P.A. 


Coincidence  of  threads 
=  29r.291 


13   19 

50 

186.1 

13  22 

35 

186.1 

13  24 

0 

185.6 

13  25 

Hi 

184.6 

Di 

stance  of  i 

n     in 
13  28 

8 

32 

30*272 

13  30 

1 

30.300 

13  31 

7 

30.291 

ll         HI 

13  32 

s 

15 

T 
28*320 

13  33 

25 

28.295 

13  34 

28 

28.280 

358.0 
358.0 
.",57.5 
356.5 


9.71 
9.98 

9.90 


Paral 


278°.  1 


No  wind  ;  observations 
good 


Threads  interchanged. 

9.61        Coincidence  of  threads 

9.86  =  29r.291 

10.01 
Setting  of  position-circle  for  distances  =  fl4°.0 


1892  December  9. 
Position-Angle  of  Satellite. 
Circle  P.A. 


10  26  35 
10  29  25 
10  30  25 
10  32   15 


10  35  37 
10  36  55 
10  38  30 


10  40  15 
10  41  45 
10  42  50 


269.2 
268.7 
268.2 
268.2 


259.4 

258.9 

258.4 
25*.  4 


Parallel  =  279°.8 


Distance  from  Center  of  Neptune. 


1.589 
1.603 
1.575 


15.56 

15.7(1 
15.52 


Threads  interchanged. 


108.476 
108.460 
108.453 


15.27 

15.43 
15.50 


Coincidence  of  threads 
=  0r.018 


Setting  of  position-circle  for  distances,  =  358°.0 

L892  December  16. 
Position-Angle  of  Satellite. 
Circle  P.A. 


3  24 
5  29 
5  49 

7   5  I 


223.4 

223.7 
223.5 
223.6 


220.1 
220.7 
220.;, 
220.6 


Parallel 


273°.0 


Distance  of  Satellite  from  Center  of  Neptune. 


8  10  31 
8  12  24 
8  13  29 


I  OS.. -,09 
108.488 
108.565 


14.94 
15.15 

14.39 


Coincidence  of  threads 
=  0r.0is 


Threads  interchanged. 


8  14    19  1.563  15.30 

8   16  29  1.526  14.93 

8  17  39  1.645  16.11 

Setting  of  position-circle  for  distances  =  313°. 5. 

Seeing  very  poor,  wind  shaking  telescope;  but  observations  con- 
sidered good. 

1893  January  8. 
Position-Angle  of  Satellite. 


Circle 


10 

54 

31 

239.5 

10 

55 

4  1 

239.2 

10 

56 

11 

238.8 

10 

57 

19 

240.0 

Di 

stance  of  ' 

ll 

in 

S 

r 

10 

58 

46 

1.704 

10 

59 

24 

1.770 

11 

1 

4 

1.771 

ll 

11 

in 

0 

1 

39 

108.279 

1 1 

1 

29 

108.313 

11 

2 

9 

108.365 

P.A. 

234.2 
233.9 
233.5 

234.7 


16.54 

17.19 
17.20 


Parallel  =  275°. 3 


Coincidence  —  0r.O34 


Threads  interchanged. 

17  "38 

17.01 
16.5:; 

Setting  of  position-circle  for  distance  =  329    0. 
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1898  Januai-y  13. 
Position-Angle  of  Satellite. 
Circle  P.A. 


II 
II 
II 
II 


11 
II 
11 


I    I  1 
3  54 

5  44 

6  37 


273.3 
278.8 

2  7  1.2 
273.8 


268.1 
268.1 
269.0 

l'i-.s.i; 


Parallel=275°,2 


9  21) 
10  59 

12    11 


Distance  of  the  Satellite  from  Center  of  Neptune. 

r  " 

Coincidence  =  0r.03£ 


I  us. 6s  I 
108.652 
108.662 


18.41 
13.70 

13.60 


Threads  interchanged. 


11    M   2(1  1.107  13.60 

11    15  35  1.406  13.58 

11    16  26  1.111  13.63 

Setting  of  position-circle  for  the  distances 
Observations  good. 

1893  January  20. 
Position-Angle. 
Circle  P.A. 


183c.3. 


8 

6  18 

59. 1 

8 

8  20 

58.9 

8 

9  28 

59.8 

8 

10  33 

58.3 
Distanc 

i. 
8 

ni          s 

13  50 

L731 

8 

15  28 

1.714 

8 

16  43 

1.671 
T 

h 

8 

18  23 

108.  1 1 .2 

8 

19   11 

108.373 

8 

20   16 

108.368 

230.6 
230.1 
231.0 
229.5 

Distance  from  Center  of   Neptune. 


Parallel  =  278°. 8. 


16.96 
16.80 
16.37 


Coincidence  of  threads 
=  0r.018 


threads  interchanged. 

15.90 
16  29 

16.34 

Setting  of  position-circle  for  distances  =  140°. 0. 
Mt.  Hamilton,  L893  Jan.  21. 


1892   November  13. 

Observations  Of    NeptUIlt   and  a  small  Star. 

Position-Angle  of  the  Object. 
Circle  P.A. 

11     6     0    |     •  269.0    |        261.6    |     (1  obs.) 

Distance   from  the  Center  of   Neptune. 

11     8  50    |       81.684     |         20"65     |     (1  obs.) 

The  object  was  much  fainter  than  the  satellite;  seeing  very  poor. 

1893  January  8. 

Observations  of  Neptune  and  a  very  faint  Star. 

Telescope  West  of  Pier. 

(Neptune—  *  )     J(V 


h        ni  a 

9   43    19 
9  46  35 


it  55     4 


1(1  28  24 
10  33  34 


2.810 

2.784 


+  27.49 
+  27.23 


(Neptune — ^c)     j«. 
0*724      |     +    6. S3      | 

Telescope  East  of  Pier. 
(Neptune— %  )     J«. 


109.288 
109.425 


10  54  29     |       2.624 
Not  seen  after  this. 


+    7.88 
+    6.03 

Neptune—  ^  )     J(V 
I     +26.62     I 


The  star  was  about  16V.  and  though  it  could  be  steadily 
seen  by  occulting  Neptune,  it  was  excessively  difficult  to 
bisect.      It  was  south  following  llie  satellite. 


ON   THE   NOMENCLATURE   OF  RECENTLY   DISCOVERED   VARIABLES, 

By  S.  C.  CHANDLER. 


To  avert  the  danger  of  confusion  in  the  lettering  of  the 
variables,  a  partial  list  is  given,  below,  of  the  letters  as- 
signed in  the  forthcoming  catalogue.  Tliis  communication 
covers  oulv  those  constellations  in  which  conflict  is  likely*  to 


the  nature  of  the  influences  which  unfortunately  tend  to 
reversion  from  a  condition  of  order  to  one  of  chaos,  is 
intelligently  understood  and  deplored. 

The  principal  reason   for  strictness  in  this  matter  lies  in 


arise  by  a  diverse  notation.     As  soon  as  the  variability  of  the  fact  that  a  large  proportion  of  the  stars  which  are  an- 
others  has  been  established,  the  letters   to  be  assigned  them    i  nonnced  as  variable  prove  not  to  be  so.  upon   investigation. 

will  be  similarly  published.     The  rule  requiring  such  inde-  This  is  unfortunate,  and  it  is  to  be  sincerely  hoped  that  it  will 

pendent  proof  of  variability  in  all  cases,  as  the  criterion  for  at  some   time  be   remedied    by    the    prevalence  of  a   more 

the  assignment  of  letters,  has   been   faithfully  adhered  to  in  critical  standard  among  those  who  busy  themselves  with  the 

the  new  catalogue,  as  it  was  in   the  first   catalogue  and  its  subject;  so  that  it  will  ultimately  become  as  discreditable  to 

supplement.     So  far  as  I  know,  no  objection  to  its  rigorous  announce  a  discovery  of  variability  which  is  not  afterwards 


application  has  been  raised  in  any  quarter,  where  the  vital 
necessity  of  keeping  our  knowledge  of  this  branch  of  as- 
tronomy clear  of  confusion   is  sufficiently  appreciated,  and 


confirmed,  as  it  now  is  in  other  departments  of  astronomy 
to  state  a  fact  which  is  not  verified.  But  while  the  present 
state  of  things  exists  it  must  be  recognized  and  provided  for. 
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Tlie  temporary  abstention  from  the  use  of  a  letter  causi  a 
no  hardship  or  inconvenience  in  practice,  because  all  the 
unconfirmed  stars  are  to  be  given  in  the  supplementary  list 
of  the  catalogue  ;  and  the  number  in  parentheses,  according 
io  the  notation  provided  in  the  supplement  to  the  catalogue 
{A.J.  no.  216)-,  supplies  a  perfectly  convenient  working 
notation  for  tlie  use  of  observers,  and  for  indexing! 

Some  Dotes  are  required  with  regard  to  the  notation 
adopted  below,  to  obviate  the  confusion  which  has  unfor- 
tunately arisen,  or  is  likely  to  arise,  from  some  of  the  let- 
ters employed  in  the  Vierteljahrsschrift  list  (xxvii.  222). 
The  star  there  called  T  Camelopardalis  is  not  variable, 
according  to  Yendell's  observations  up  to  this  time, 
while  this  observer  has  confirmed  the  variability  of  the  star 
called  T  in  the  list  below  :  and  the  latter  notation  has 
already  come  into  use  and  cannot  now  lie  displaced.  Simi- 
larly the  star  S Ganum  venaticorum  of  the  VJS  list  has  not 
yet  been  confirmed.  The  star  called  WBootis  in  the  VJS 
list  (14h  19'"  54B,  +  5°  14'. 2)  has.  in  the  first  place,  not  Inch 
continued  :  ill  the  second,  there  are  already  in  my  first 
catalogue  a  W  and  an  X  Boot  is,  both  of  which  stars  are 
certainly  variable  according  to  both  Yendell's  obser- 
vations and  my  own  :  and.  in  the  third  place,  the  star  is  not  in 
Bootes  but  in  Virgo,  so  that,  even  if  its  variability  should  lie 
confirmed  before  that  of  any  other  in  the  same  constellation, 
its  name  will  be  RS  Virgints  and  not  WBootis.     Further  the 


VJS  list  calls  the  Nova  in  Auriga,  U  Aurigae,  whereas  the 
notation  T Aurigae  has  already  come  into  use  for  this 
object,  as    has   also   that   of    U Aurigae   for    another  star, 

given  in  the  list  below.  The  variability  of  the  other  stars 
to  which  letters  have  been  prematurely  assigned  in  the  VJS 

has  not  been  confirmed,  so  far  as  I  know,  and,  one  of  them 
at  least,  will  bear  another  letter  than  the  one  there  given, 
even  if  the  variability  be  confirmed,  since  t  In- re  is  a  candidate 

which  has  the  priority. 

1855 


678 

U  1'ersei, 

1 

50 

0 

+  54     7.0 

691 

V  Persei, 

1 

52 

6 

+  56     2 

'.mm; 

It  Trianguli, 

2 

28 

16 

+  33  37.8 

1  (5-23 

T  Camelopai 

(In/is. 

1 

26 

4 

+  65  53 

1953 

T  Aurigae, 

5 

22 

41 

+  30   19.9 

1981 

S  Camelopai 

tllllis. 

5 

25 

22 

+  68   4  2.5 

2313 

U  Aurigae, 

5 

32 

37 

+  31    57 

3128 

Ii  Pyxidis, 

8 

39 

23 

—27    10.5 

5758 

A"  Herculis, 

15 

58 

18 

+  47  38.4 

s  Draconis, 

16 

3!) 

49 

+55   1  1.8 

6834 

V  Aquilae, 

18 

50 

40 

—  5  53.7 

70.S5 

RTCygni. 

19 

39 

33 

+  48  25.:. 

7783 

RU  Cygni, 

21 

35 

46 

+  53  40.0 

7795 

AT  Gygni, 

21 

37 

18 

+  37  21.2 

7909 

R  Piscis  aust 

rini, 

21 

55 

27 

—28    11.9 

8594 

V  Cepkei, 

23 

1'.' 

44 

+  82  23.0 

OX    A    MEW    VARIABLE    IX   AQUILA, 

(o  =  18h  56ni  39B.6 ;     S  = — 5°  35'. 5     1855.0 
By   EDWIN   K.   SAWYEK. 


I  wish  to  announce  that  I  find  the  S.DM.  star  5°485K  to 
be  variable.  The  star  was  first  observed  (in  connection 
with  my  revision  of  tin'  magnitudes  in  S<  honfeld's  Southern 
Durrhmusteriihg  from  7.0  to  7.8*)  on  August  29.  1890,  and 
estimated  to  be  7".:'.  the  S.DM.  magnitude  being  7.0. 
This  difference  of  nearly  a  magnitude  between  the  estimates 
of  Schonfeld  and  myself  led  me  to  suspect  variation.  A 
Second  Obsen  at  i<  in,  on  September  2  1 ,  found  the  Star  at  least 

8M.0. 

A  press  of  other  work  prevented  further  observations 
until  last  year  (  1892)  when  observations  on  August  l  .">  and 
23  found  the  star  still  faint,  or  about  8*.0,  and  apparently 
demonstrated  its  constancy  of  light.  As  a  final  observation, 
however,  the  magnitude  was  again   estimated  on   September 

*  Nearly  ready  for  publication. 

Brighton,  Mass.,  1893  Feb.  13. 


26,  and  I  was  surprised  to  find  that,  the  star  had  undoubtedly 
brightened,  its  magnitude  being  found  to  be  about.  7.7.  On 
October  lb,  it  had  further  brightened  to  about  7M.6,  where 
it  remained  until  the  observations  terminated  on  November 
22. 

1  liud  in  looking  up  the  star,  that,  although  it  is  not  in- 
cluded in  any  Catalogue  of  known  variables  accessible  to 
me.  it  is  in  Birmingham's  Catalogue  of  Red  Slars,  where  it 
is  numbered  183,  and  in  the  notes  marked  as  a  suspected 
variable,  thus  "  Vai  iable(  ?)" 

Although  the  observations   are    insufficient  to  give  us  any 
definite  facts  regarding  its  period,  range,  etc.,   its   red 
(about  7  of  Chandler's  scale)  would  suggest   a   period  of 
moderate  length  if   regular,  with   a    range  of  at    least  half  a 
magnitude. 


NOTE   OX    SAWYER'S    X  E\Y    VARIABLE    IX  AQUILA, 

By    PA1   L   S.    VI.NDKI.L. 


I    begun   a    watch  on    this   star,   1892  Sept.  21,  and  kept  it 
under    careful    observation    until    Nov.   lib    when    it     was    loo 

far  west  for  further  useful   work.     My  observations,  liine- 
Dorchester,  Muss..  1898  Feb.  14. 


teen  in  number,  show  an  increase  from  8M.0  a'  the  iii-: 
dale,  to  7M..'i  al  the  last,  using  Sawyi  b's  ale,  and  seem  to 
place  the  star's  variability  beyond  question. 
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OBSERVATIONS   OF    COMETS, 

mum:    \i    rHB   BOSTON   UNIVERSITY   OBSERVATORY    Willi   7-INCH   REFRACTOR, 

By  .1.   I!.   COIT. 


1892-3  Washington  M.T. 


No. 
Conip. 


#- 


Ja 


J8 


's  apparent 


log?  A 


fort! 


Dee. 


Nov. 


Comet d  1892  (Brooks). 


5      16  3D  35 

16  .".(I  35 

17  36  14 
17  36  14 


11  6  59  44 

,898      17*  6  36     0 

.Ian.    21  f  8   19   20 

25  8    11    13 


1 

2 

1 
2 

8 
8  ,  6 

7  ,6 

+  1  39.67 
+  1  26.81 
+  1  54.33 
+  1    41.30 

1            // 

+  7   11.4 
+  4  34.3 

I  1   56  39.52 

II  56  39.44 
11    56   54.18 
1  1    56  53.93 

O          f               II 

—21  6  58.2 
—21   9  38.3 

M9.368 
?<9.038 

0.879 
0.894 

Comet/ 1892  (Holmes). 

3 
4 
5 
6 

13  ,  6 

7 
7,3 

8 

+  0  44.34 
—0  51.91) 
—1  25.03 
—0     2.36 

—2  50.1 
+  3   44.7 

0  44  53.56 

0  42  49.26 

1  28   39.26 
1   34  13.30 

+  38  6  36.2 
+  33  39   17.3 

j/9.426 

?i9.416 

9.606 

9.609 

0.108 
0.418 

Mean  Places  for  1802.0  and  1893.0  of  Comjmrlson- Stars. 


* 

Red.  to 
a                  app.  place 

8 

Red.  to                                          .   «.     ■. 
app.  place  !                                     Authority 

1 

2 
3 

4 

5 
6 

ll           111            6 

11   54  58.13 

11   55  10.91 

0  44     6.24 

0  43  38.26 

1  30     5.15 
1  34   16.57 

+  1.72 
+  1.72 
+  2.98 
+  2.90 

—0.86 
—0.91 

I         li 

—21    16  41.3 
—21    14     7.4 
+  38     9     0.1 
+  37  36  57.0 

+  33  35   2  1.:! 
+  33  47  57.1 

—  5.2 

—  5.2 

+  26.2 
+  26.7 

+   8.3 

+   8.2 

Cincinnati  Zone  (1885)  no.  2132 
Cincinnati  Zone  (1855)  no.  2133 
Weisse's  Bessel  1083 
Paris  1020 

Weisse's  Bessel  615 

£(2  Weisse's  Bessel  726+Lalande  3042) 

*  Observations  were  upon  the  most  dense  portion,  which  lay  in 
the  preceding  part  of  the  elliptical  body.  Three  faint  stars  were 
seen  through  the  comet,  one  very  near  the  most  dense  point.  The 
elliptical  body  was  defective  upon  the  li.f.  quadrant. 


t  Bright  stellar  nucleus.     On  Jan.  25  comet  was  faint,  but  dis- 
tinct, with  moon  at  first  quarter. 


OBSERVATIONS   OF  COMET  g  1892, 

MADE   AT   THE   CINCINNATI   OBSEUVATORY, 

By  J.  G.  PORTER. 


No. 

#- 

-* 

6^'s  apparent 

logpA 

1893  Cincinnati  M.T. 

* 

Comp. 

da 

jS 

a                         S 

for  a       1     for  (5 

h       in       b 

Feb.     3     6  47     4 

1 

9  ,  9 

HI            8 

+  0   15.97 

i          ii 

—  1   38.0 

ll            Ml                 8 

23  59  25.03 

+  33  38  36.9 

9.661 

0.400 

6  47     4 

2 

5  .  5 

—0  32.72 

+  7  57.3 

23  59  24.99 

+  33  38  32.0 

9.661 

0.400 

7      7   51    25 

3 

12,1 2 

+  0  59.23 

+  2  47.6 

0     8     2.51 

+  31     3   16.0 

9.712 

0.579 

11      6  58     4 

4 

10  .  10 

—2     1.73 

+  3  59.0 

0   15     9.97 

+  28  55  39.3 

9.669 

0.526 

13     7     3  41 

5 

8  ,  8 

—2  40.80 

+  5   21.0 

0   18  23.77 

+  27  58  46.6 

9.674 

0.553 

Mean  Places  for  1893.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

1 
2 
3 
4 
5 

23"  59"  Id. 1;;. 

23  59  59.29 
0  7  4.83 
0  17  13.18 
0  21     6.02 

—  1S.59 

—  1.58 

—  1.55 
—1.48 
-1.45 

+  33  40   13^0 
+  33  30  32.7 
+  31      0  27.4 
+  28  51   39.8 
+  27  53  25.3 

+  1.9 
+  2.0 
+  1.0 
+  0.5 
+  0.3 

Brus.  10780,  Leyden  A.G.Z 
Leyden  A.G.Z. 
Leyden  A  G.Z. 
Brux.  Ill,  Ann.  2,  45 
KonigsbeVg,  A.N.  694 

Feb.  11.     Hazy.     Comet  faint. 
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Gr.  M.T  1893     App.  a 

h        in        * 

Mar.     4.5  0  41   39 

6.5  43  37 

8.5  45  32 

10.5  4  7   24 


A  pp.  (5 

logr 

log  A 

+  21   48.8 

0.1712 

0.3332 

21   22.1 

20  57.0 

0.1816 

0.3520 

20  33.3 

Ephemeris  of  Comet  ^  1892. 

Br.         (i 


0.53 


12.5     0  49   13      +20   11.0       0.1920       0.3692      0.47 


T.  180 

3    A  pp.  a 

App.  <! 

log  r 

log  A 

15  r. 

1-1.5 

0  50  58 

+  19  49.9 

16.5 

52  42 

19  30.0 

0.2025 

0.3848 

0.42 

18.5 

51    24 

19   11.1 

20.5 

0  56     3 

+  18  53.2 

0.2130 

0.3989 

0.37 

FILAR-MICROMETER   OBSERVATIONS   OF   COMET/ 1892  iholmi 

MADE    WITH    THE    184-INCB    EQUATORIAL   OF   THE    DEARBORN    OBSERVATORY,    NORTHWESTERN    ITNIVERMTV. 

By  G.  W.  HOUGH,   Director. 


1892-93  Evaustou  M.T. 

* 

No. 

#- 

-* 

o^'s  apparent 

log 

7>A 

(   ollip. 

Ja 

jS 

a 

8 

for  a 

for ,! 

Nov 

21 

11         111            | 

7   10  30 

1 

4 

4 

— o"  6.65. 

+  i 

0  42™    8  26 

O            /              N 

+  37     3  51.8 

n9.303 

23 

7     9     0 

2 

3 

3 

+  0   18.33 

—  1   26.1 

0  42      1.30 

+  36  51      3.2 

)«:i.269 

24 

6  38     0 

3 

3 

1 

+  0  35.93 

+  3  29.8 

0  42      1.96 

+  36  45     6.0 

.389 

Dec. 

19 

8   13  43 

4 

12 

12 

+  0     9.90 

—  1      5.3 

0  52  27.01 

+  34  33    19.9 

9.270 

0.134 

Jan. 

9 

7     6  37 

5 

3 

3 

—4    16.57 

+  2  35.7 

1    13   15.73 

+  33   43   40.7 

9.215 

0.1  5G 

14 

7    12  33 

5 

8 

+  1   52.87 

1    19  25.11 

.    .    . 

9.314 

7  42     0 

0 

3 

—  1    16.4 

•        .        • 

+  33  39   48.2 

0.24  6 

16 

8     5  22 

O 

4 

+  4   29.40 

1    22      1.62 

.    .    . 

9.507 

8  19   18 

0 

2 

. 

—2     0.4 

> 

+  33  39      1.2 

0.335 

18 

7  42   17 

6 

8 

—0     9.61 

. 

1    21  37  71 

<       ■        • 

9.171 

7   47     0 

6 

5 

. 

+  1    29.6 

+  33  38  56  5 

0.277 

19 

6  36    11 

6 

4 

3 

+  1      6.79 

+  1    30.1 

1    25  54.09 

+  33  38  56.9 

9.192 

0.167 

23 

6  32     0 

7 

3 

+  1    16.62 

*       •        . 

1    31    20.69 

9.233 

6  40  36 

7 

3 

. 

+  4  32.1 

.    . 

+  33  40     1.8 

.    . 

0.179 

26 

7   13  53 

8 

3 

+  1   20.33 

1   35  36  21 

9.435 

7   24     0 

8 

3 

. 

—6   10.7 

+  33    11    52.5 

0.271 

30 

7      7   35 

9 

9 

6 

+  0   16.08 

—  1    15.2 

1    41    22.82 

+  33  45    1".:. 

9.447 

1 

2 
3 

I 

5 
6 

7 
8 
9 


Mean  Places  for  1892.0  and  1803.0  of  Comparison-Stars. 


Red.  to 
app.  place 


8 


0  4  2  12.04 

0  41  40.12 

0  41  23.20 

n  52  14.47 


17  33.08 
24  48.16 
30  4.98 
34  16.80 
41      7.65 


+  37  2  14.7 
+  36  52  1.9 
+36  41  8.8 
+  34  34  27.1 

+  33  40  56.4 
+  33  3  7  18.5 
35 


Red.  to 

app.  place 


Authority 


+  33 
+  33  47 
+  33  46 


21.6 
55.1 

47.5 


9* compared  witb  Weisse's  Bessel  O,  1029 
f3*. 5  compared  with  Paris  930 


Lund  A.G. 
Ley den  A.G. 

Leyden  A.i  \. 
Leyden  A.G. 
Leyden  A.G. 
Leyden  A.( ;. 
Leyden  A.G. 


(II  ol.s.) 
) 


(21 

(21 
(21 

(21 
(21 
(21 


) 


Ja 


+24-.40.      J«5   =  —13     5 


t  J«  =  +2'"  22\00,     JS  =  +4'  31    6. 


REMARKS. 


This  comet  lias  exhibited  such  abnormal  fluctuations  in  its 
volume  and  risibility,  since  its  discovery,  as  to  merit  a  careful 
Study  of  its  motion  and  physical  condition. 

Dnring  the  mouth  of  November  the  comet  was  easilj  observed, 
although  the  nucleus  had  very  little  condensation  at  the  center.  In 
December  the  volume  bad  greatly  increased  and  it  hail  become  very 
much  fainter,  with  no  definite  center  of  condensation. 

On  January  '.'.  it  appeared  in  the  18,J£-in.  refactor.  power  190, 


as  a  faint  nebula  about  2*  of  arc  in  diameter  with  slight  condensa- 
tion.    It  presented  a  similar  appearance  on  January  It 

i  in  January  lt>,  however,  a  most  remarkable  change  \\  a-  ob- 
served in  its  appearance;  instead  of  a  faint  diffuse  nebula,  there 
was  seen  a  neat  nebulous  star  of  the  8.5  magnitude,  with  a  coma 
of  about  in  of  arc  in  diameter.  The  transformation,  there 
from  a  faint  diffuse  nebula  to  a  nebulous  star,  must  have  taken 
place  between  the  Hth  ami  16th  January. 


n; 
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The  Btar-like  appearance,  lioWei  er,  \\  ;i-  of  short  duration,  as  the 
following  measures  will  snow: 


I>:ile. 


Diameter  or'Nucleus.    Diam.  of  Envelope. 


Jan.  1G. 

gy 

5 

Star 

in  estimate 

••      18. 

7" 

71 

••     19. 

4 

76 

•■     23. 

12 

100 

"     2 

33 

Moonlight 

■  ■     :!0. 

:,ii 

" 

These  measures  depend  on  a  single  setting  of  the  micrometer 
thread,  bu I  they  show  very  clearly  the  increase  in  the  volume  of 
the  comet  from  night   to  night. 

The  position  on  December  19th  was  determined  by  observing 
transits  over  an  occulting  bar,  set  successively  at  position-angles 


ii  and  -to  ,  and  recording  the  times  with  the  printing  chronograph. 
This  msthod  is  uol  susceptible  of  any  very  great  degree  of  pre- 
cision, for  difference  of  declination,  when  there  is  no  definite  point 
for  observation,  but  I  ilmtk  it  is  preferable  to  the  ring-micrometer 
under  similar  circumstances. 

For  determining  difference  nf  declination,  however,  the  direct 
me  hod  is  best,  even  if  the  object  is  so  faint  and  diffuse  as  not 
to  allow  a  steady  illumination  of  the  micrometer  wires.  One  can 
do  fairly  good  work  by  simply  Bashing  the  light  on  the  wires  for 
an  instant.  In  case  a  small  electric  lamp  Is  used  for  illumination, 
this  object  is  readily  accomplished  by  simply  pressing  a  key. 

During  the  period,  January  16th  to  26th,  the  physical  condition 
of  the  comet  was  most  favorable  for  the  determination  of  position. 

The  observations  are  corrected  for  differential  refraction.  The 
approximate  Longitude  of  the  observatory  is  +5''  50'"  42'. 3  ±0-. 5 
Latitude  +  f->    3'  38*.4. 


ON   THE   NEW    VAKIABLE   IN    CTGNUS. 


At  the  request  of  Mr.  Yenpei.i.,  I  undertook  last  year 
(  1892),  the  observation  of  this  star  for  the  purpose  of  con- 
firming its  supposed  variability.  The.  star  was  first  observed 
on  Julv  23,  and  found  to  be  5  steps  <DM.  37°4404,  and 
3  steps  >  DM.  37°4405  or  7". 9.  Frequent  observations 
were  made  from  this  date,  but  no  positive  evidence  of 
change  manifested  itself  until  September  1. 

On  November  6,  the  star  was  observed  to  have  taken  a 

Brighton,,  1893  Feb.  27. 


21h  37™  17-\9;    +37°  21'.  2     (1855.0). 
By  EDWIN    V.    SAWYER. 

sudden  and  unmistakable  drop,  and  was  2  steps  <1>M.  87° 
1  105  or  8s'. 4.  It  continued  to  fade,  and  on  December  9  was 
5  steps  <I)M.  37°4405.  and  4  steps  >  DM.  37°4400  or 
8M.8.  The  magnitude-values  were  deduced  from  Mr.  Yen- 
dell's  scale  which  agrees  substantially  with  mine.  The 
redness  of  the  star  appears  about  8  of  Dr.  Chandler's 
scale. 


NEW  ASTEROIDS. 


Professors  Kkueger  and  Kreutz  have  communicated  the  discovery  of  two  more  small  planets. 
1893  F.     Wolf,  Jan.  16.         13". 


Jan.  16     10  30  Greenw.  M.T. 
12  47 

23      1 1    54 

1893  G.     Chablois,  Jan.  21.  LJJ" 

Jan.  22      16"  42'".0  Nice  M.T. 

Found  independently  by  Wolf, 
Feb.     5     91'  12'". 3  Heidelberg  M.T. 


a  =  9   22.1 

9  22     4.25 
9    15  52.03 

a  =  9h  31™  33s.3 


8  =   +19  50 

+  19  49  45.5 
+  20  42  57.2 


8  =    +25°  13'  22" 
8  =   +25°  37' 


a  =  9''  16'"  52" 

Another,  subsequently  found,  proved  to  have  been  already  on  record:  and.  to  avoid  confusion,  the  letter  i/will  be 
omitted  from  the  series  of  1893,  and  the  asteroid  next  discovered  designated  as  ./. 
1893  J.     Chaui.ois,  Feb.  11.  I2£M. 

Feb.  15     7h   IT1"..")  Nice  M.T.  a  =  10"   19'"  281  8  =   +15°  2'. 

Daily  motion  — 44~  in  a,  and  9'  northward. 

Dr.  Wolf  has  assigned  the  following  names  to  small  planets  found  by  him  : 

No.  328         1892  March  18         Gudrun  No.  333  =   1892  A         1892  Aug.  22         Batienia 

332  "       19         Siri  339=  G  Sept.  25         Dorothea 
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OBSERVATIONS   OF  VARIABLE    STARS 

By  X    C. 
[I 

The  following  observations  form  the  continuation  ami 
conclusion  of  the  series  published  in  no.  254  of  the  Astro- 
nomical Journal,  and,  with  the  exception  of  those  on 
(SPerseiand  i.  Tauri,  were  made  with  the  same  instrument 
as  the  former. 

In  the  winter  of  1891-92  the  ohsen  at  ions  were  unfortu- 
nately interrupted.  On  Nov.  8,  I  contracted  a  severe  cold, 
which  would  have  prevented  me  from  observing,  even  if  this 
had  otherwise  been  possible.  Hut  an  interval  of  cloudy 
weather  set  in  at  the  .same  time,  and  lasted  until  Dec.  4.  Even 
after  this  date.  I  found  a  certain  amount  of  prudent  care 
imperative,  so  that  I  was  compelled  to  restrict  my  activity 
in  observing,  to  a  greater  extent  than  would  otherwise  have 
been  the  case.  The  long  cloudy  period  affected  more  or  less 
prejudicially  the  accuracy  of  some  of  the  epochs. 

Toward  the  end  of  August.  Dr.  Charlies  expressed  a 
desire  to  employ  the  same  telescope  for  some  other  observa- 
tions ;  ami  since  notice  was  received  at  the  same  time  that 
the  new  large  refractor  was  nearly  completed,  and  under 
the  conditions  of  our  weather  it  is  not  easily  possible  that 
two  observers  should  use  the  same  instrument  for  different 
purposes,  without  interference.  I  decided  to  abandon  obser- 
vations with  the  6-inch  telescope.  Consequently,  I  took 
only  a  few  additional  observations  for  completing  a  couple 
of  series,  the  last  of  these  on  Sept.  12. 

1  .  107      '/'  (  'ilssill/;  il,   . 

This  star  was  observed  on  16  evenings,  from  1891  Aug. 
7  to  1892  Apr.  28.  I'p  to  Nov.  7.  the  brightness  in- 
creased quite  slowly  and  somewhat  irregularly,  and  then 
began  the  above  mentioned  long  interruption.  During  this 
interval  a  rapid  aud  derided  increase  in  brightness  had 
occurred,  which  lasted  for  17  days  more:  so  that  the  star 
obtained  its  maximum  as  follows, 

Max.   =   1891  Dec.  21;     Mag.  =  7M.6 

The  brightness  now  rapidly  decreased  until  Jan.  27.  after 
which  followed  a  stationary  interval  of  a  month.  Then 
came  a  rapid,  although  not  always  regular,  decrease,  until 
the  star  became  10*. 2  at  the  cud  of  April.  From  duly  24 
to    Aug.    22,    7    observations    show    a     slow    increase    from 


AT  THE  OBSERVATORY  OF  UPSALA, 

DUNER. 

10*. 2  to  9M.7.     The  epoch    of    maximum,  as  above  given, 
appears  to  be  quite  accurate. 

ScHONFELD  gives  the  period  as  43(1  days;  the  combina- 
tion of  Scnoxi'i'.i.ii's  and  Chandler's  normal  epochs  gives 
4  111.  and  the  latter  combined  with  mine  gives  448'1.  An 
increase  in  the  period  therefore  appeals  probable. 

2.  112  A'  Andromedae. 

Thirty-four  observations   were  obtained    from    1891    Sept. 

22  to  1892    Mar.  28,   and   altl gh   the  interruption   Nov.  8 

to  Dec.  4  has  a  somewhat  disturbing  influence,  they  give 
with  much  accuracy 

Max.   =  1891  Dec.  8:      Mag.    =    7\7. 

The  increase  was  considerably  more  rapid  than  the  de- 
crease. Here  too,  there  appears  to  be  an  increase  in  t lie 
period.  Schonfeld  found  4().r>  days,  Chandler  41  ld,  and 
the  combination  of  his  epoch  and  mine  gives  4  1  7a. 

3.  243    V  Cassiopeia >,. 

The  star  remained  invisible  in  my  telescope  from  1891 
Oct.  8  to  1892  Jan.  28,  or  rather,  it  was  not  observed  during 
this  time.  Yet  the  light-curve  shows  that  it  might  have  been 
seen  as  early  as  Jan.  14.  A  very  trustworthy  determination 
from  18  observations.  Jan.  28  to  May  16,  gives 

Max.   =    1892  Mar.  28  ;     Mag.   =  8M.8. 

A  combination  of  this  epoch  with  Mr.  Townley's  obser- 
vations (A.J.  no.  249),  gives  the  data 


Epocli 
0 

1 

3 


Maximum 

1889  Dec.   21 

1890  Sept.  -.'7 
1892  Mar.   28 


Mag. 

8.8 
8.0 


(i— c 

.i 

2 

+  3 
—  1 


whence  we  have 

Max.  =   1889  Dec.  23  +  27.V.4  E 
The  differences  between  observation  and  calculation  are 
given  in  the  column  ( ) — C. 


I  have 
star  : 


4.     320  UCephei. 

jeen  able  to  observe  the  following  minima  of  tins 
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'I 
Zoll 
the 


Upsala  M.T. 

d  li        in 

188!)  Nov.  28   li'  39 

Dee.  28  10  33 
1890  Nov.  27  11  :;7 
181U  .l:ui.  6  9  12 
1892  Apr.  21  12  37 

May  1G  11  22 

lie  first  minimum  \v;is  observed  experimentally  with  :i 
tier's  photometer.  The  observations  for  the  third  and 
last  minimum  began  later  than  was  desirable. 


)bs. 

Mag. 

Remarks 

12 

- 

good 

29 

- 

good 

13 

9.4 

uncertain 

21 

9.4 

good 

14 

9..') 

good 

8 

9.5 

uncertain 

5.     793   TPersei. 

The  observations  began  Aug.  9,  and  41  observations  were 
obtained  up  to  1892  May  5.  The  star  increased  from  8M.6, 
ami  attained  the  following  maximum, 

Max.  —   1891  Sept.  22;     Mag.  =  8\1 

The  brightness  then  diminished,  at  first  witli  moderate 
rapidity,  then  with  extreme  slowness.  A  minimum,  of  8M.9, 
is  indicated  during  the  first  few  days  of  February.  In  June 
the  star  had  become  somewhat  brighter,  but  in  July  and 
August  was  again  faint. 

6.  811  SPersei. 

From  1891  Aug.  9  to  1892  Aug.  22,  57  observations  were 
obtained.  They  allow  a  secondary  minimum  and  a  maxi- 
mum to  In-  moderately  well  determined.     I  find, 

Miu.  =  1891  Nov.  12;     Mag.  =  8*3 
Max.  =   1892  Mar.  10;  =   7.8 

Until  about  the  end  of  May  the  variations  were  very  in- 
significant. But  from  that  time  on,  there  was  a  slow  but 
decided  decrease,  and  on  Aug.  22  the  star  had  fallen  to 
9M.0,  or  even  somewhat  fainter.  The  observations  of  Mr. 
Schwahzschild,  published  in  ^.JV.  3096,  confirm  the  faint- 
ness  of  its  light  in  November,  as  well  as  the  increase  in 
February. 

7.  1090  §Persei. 

I  have  been  able  to  determine  the  following  7  minima: 
Upsala  M.T. 

d       1»       in 

1890  Dec.    10  9   15 

1891  Aug.  31  10  50 
Sept.  23  9  40 
Oct.  16  7  51 
Nov.  2  12  55 
Nov.  8  6  27 
Dec.  21  6  32 

8.  1222  R  Persei. 

This  star  was  observed  22  times,  1891  Aug.  4-Nov.  7,  and 
14  times.  1892  Jan.28-Apr.  25.     From  these  we  deduce 

Max.  =  1891  Aug.  30;     Mag.  =  8*5 
Max.  =  1892  Apr.    2;  =  8.8 

Both  epochs  are  very  well  determined. 

9.     1411  ;.  Tauri. 
Nineteen  observations  give,  with  tolerable  certainty, 
Min.  =  1891  Nov.  2    13"  13'"  Upsala  M.T;   Mag.  =  4*'. 4 


"lag. 

Obs. 

Remarks 

3.6 

27 

very  good 

3.5 

15 

good 

3.6 

13 

moderately  good 

3.6 

10 

moderately  good 

3.5 

19 

very  good 

3.5 

11 

somewhat  uncertain 

3.4 

12 

moderately  good 

10.  1623  TCamelopardali*. 
I  began  to  search  for  this  new  variable  Aug.  15,  but  could 
not  recognize  it,  either  on  this  date  or  on  Aug.  17  and  29. 
But  on  Sept.  8  I  found  it  9M.5.  Only  three  days  later  it  was 
9*.0,  and  on  Sept.  19,  8™.4.  From  this  point  to  the  end  of 
January  1892,  the  variations  were  but  small  ;  but  during  this 
interval  a  secondary  minimum  was  indicated.  Unfortu- 
nately the  interruption  from  Nov.  7  to  Dec.  4  prevented  an 
absolutely  certain  decision  regarding  the  existence  of  this 
inflection.      I  assume  provisionally. 

First  maximum  =  1891  Oct.  13  ;     Mag.  =  8.1 

Secondary  minimum    =  Nov.  12  ;  =8.5 

Principal  maximum     =  Dec.  24  ;  ==  7.9 

In  February,  March  and  April,  the  brightness  diminished 
with  increasing  rapidity,  and  on  May  5  it  was  1  1  ".">,  and  in 
the  very  bright  nights  was  almost  at  the  limit  of  visibility 
for  my  telescope.  During  the  last  half  of  July  I  sought 
for  the  star  several  limes  without  success,  and  not  until 
Aug.  5  and  10  could  1  first  suspect  a  trace  of  its  appear- 
ance. On  Aug.  14  it  was  clearly  visible,  and  at  the  last  ob- 
servation, Sept.  12,  it  was  9M.6.  The  period  of  the  star  is 
therefore  somewhat  more  than  a  year,  and  at  minimum  its 
magnitude  is  certainly  below  12M. 

1 1 .  1855  R  Aurigae. 

Forty  observations  were  obtained,  from  1891  Aug.  15  to 
1892  Apr.  28,  inclusive.  The  variations  were  rapid,  es- 
pecially so  the  increase.  During  the  decrease  there  were 
stationary  periods,  particularly  in  March  and  December.  I 
obtain, 

Max.  =   1891  Nov.  8;     Mag.  =  7M.0 

The  accuracy  of  the  epoch  is  somewhat  diminished  by 
the  influence  of  the  cloudy  period  in  November. 

12.  1923  S  Aurigae. 

I  observed  this  star  11  times  from  1890  Oct.  7  to  1891 
Jan.  9,  and  also  1891  March  27,  without  recognizing  its 
variability  as  certain,  and  then  32  times,  from  1891  Aug.  9 
to  1892  Apr.  20.  It  was  already  bright  at  the  time  of  the 
first  observation.  A  maximum  of  9U.3  appears  to  have 
occurred  on  Sept.  12,  and  a  very  uncertain  minimum  of 
11  M. 2  on  March  31, 

13.      1953   T  Aurigae  (Nova,  1892). 
The  following  estimates  of  the  magnitude  of  this  star  were 
made  by  Argelahdek's  method. 

M  M 

Mai. 


892  Feb.     2 

5.4 

3 

5.0 

4 

5.1 

9 

5.5 

16 

6.2 

21 

6.0 

24 

6.2 

25 

5.8 

Mar.    2 

5.6 

17 

8.5 

19 

8.9 

20 

9.2 

22 

9.8 

25 

11.0 

27 

11.2 

28 

11.4 

29 

11.5 

30 

12.0 
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Prof.  Pickering  gives  the  brightness  of  the  star  on  Mar. 
29  as  1 3 M . 0 , — a  magnitude  which  in  a  telescope  like  mine  is 
always  invisible. 

14.     2100    U  Ononis. 

I  have  observed  tins  star  16  times  during  the  winter  of 
1890-91,  from  Oct.  23  to  Jan.  10,  and  also  on  Mar.  27.  In 
the  autumn  and  winter  of  1891-92  I  obtained  37  observa- 
tions, from  Aug.  17  to  May  I.  From  these  I  obtain  the 
following  data  : 

Max.  =  1891   Jan.  27: 
Min.    =  Sept.  1  ; 

Max.   =    1892   Feb.    7; 


Mag.  =     6.0       quite  uncertain 
=  1 1 .3       very  uncertain 
=     6.0       good 


15.     2478   RLyncis. 
From     1892    Feb.   21    to  July   29,    21    observations   were 
made.     In  consequence  of  the  bright  nights  and  the  low  posi- 
tion of  star,  none  could  be  obtained  in  June,  and  from  July 
1   to  12  I  was  absent.     The  deduced  maximum, 

Max.   =    1892  .May  .",(1;     Mag.   =   7". 2 
is  therefore  uncertain  by  a  few  days. 

16.     2815    U Geminorum. 
Besides  the  maxima  published  in  No.  254  of  this  Journal, 
I  have  observed  the  two  following  : 

Third  Maximum.  After  nine  days  of  cloudy  weather,  I 
found  U  bright  1892  Jan.  28,  and  obtained  the  following 
esl  imates  of  its  brightness  : 

1892   Jan.   28  27.1 

29  27.1 

31  24.3 

Feb.    2  11.0 

3  5.1 

From  these  observations,  by  themselves,  nothing  could  be 
inferred,  except  that  a  maximum  occurred  on  Jan.  29  at 
latest,  perhaps  indeed  several  days  before  Jan.  28,  but  not 
earlier  than  Jan.  18.  Messrs.  Knott  and  Yendell,  how- 
ever, have  communicated  observations,  in  A.N.  3099  and 
A.J.  256,  which  make  it  possible  to  draw  nearer  inferences 
as  to  the  time  of  maximum,  and  the  beginning  of  the 
variation  ;  and  the  more  so  since  it  appears  that  Mr.  Knott 
has  at  his  disposal  unpublished  observations  of  Messrs. 
Baxendei.l  and  Mitchell,  made  previously  to  his  own. 
Mr.  Knott  puts  the  maximum  on  Jan.  24.  ami  the  beginning 
of  the  variation  on   Jan.  22. 

Fourth  Maximum.  Fortius  maximum  I  have  been  able 
to  lix  very  sharply  the  beginning  of  the  variation.  On 
Mar.  29  I  found,  in  an  extraordinarily  clear  atmosphere. 
WiNNECKE's  comparison-star  a  distinctly  visible,  while  U 
was  not  certainly  visible.  On  Mar.  30,  0  was  visible,  but 
very  faint.      I  found. 

9"  25™     d     6      U     1      b      :     hence    U  =   1 . 
On    April    3,    {'was    19.1.  and   on  Apr.  7    it    was   invisible, 
while  b  was  occasionally  "glimpsed." 

If  thus  appears  completely  certain  that  the  increase  began 


Interval   84    days 
Interval   68   days 


on  the  afternoon  of  Mar  30,  and  that  on  Apr.  7  U  had 
fallen  to  its  usual  brightness.  From  analogy  with  the  ap- 
pearance in  October  1891.  the  maximum  can  be  fixed  on 
Mar.  31.  Mr.  Knott  finds,  on  the  contrary,  maximum  = 
Apr.  1. 

The  maxima  observed  this  winter  are  consequently, 

1891  Nov.      1 

1892  Jan.     24 
Apr.       1 

Combining  with  these  the  maximum  1891  Jan.  8,  we  have, 
as  :i  mean  from  the  four  maxima,  a  period  of  74d.8,  with  tin1 
residual  errors  :  — l'1.  — 3d.  +6'1, — ld;  which  are  somewhat 
too  large.  Mr.  Chandler,  however,  finds  the  mean  period 
to  be  86  days:  thus  affording  another  proof  of  the  irregu 
larity  of  the  light-variation. 

The  observations  indicate,  moreover,  how  desirable  it 
would  be  could  the  observations  of  several  astronomers  be 
combined  for  determining  the  epochs  of  maximum.  To  this 
end,  the  observations  would  need  to  be  published  in  a  way 
different  from  what  has  been  Usual.  Data  assigning  the 
magnitudes  cannot  lie  employed  by  other  astronomers. 
Mr.  Knott,  for  example,  gives  the  magnitude  as  I3".3  on 
Mar.  30.  I  saw  the  star  on  thai  day  without  any  difficulty, 
and  estimated  it  as  about  11". 7.  Nor  can  estimates  l>\  Ak- 
GELANDEr's  method  be  employed  without  some  other  inform- 
ation ;  for  at  least  two  different  systems  of  comparison-stars 
are  employed,  namely,  Winnecke's  (A.N.  1120),  and  that 
of  Knott.  A  comparison  of  these  systems  is  much  to  lie 
desired.  Yet  I  cannot  do  this,  since  I  do  not  know  where 
Knott  has  published  his  system  of  comparison-stars. 

17.     old'.'  S  Cancri. 
In  spite  of  all   my  efforts.  I    have   been    unable   to  obtain 
more  than  one  minimum  of  this  interesting  star.      This  min- 
imum depends  on  16  observations,  which  include  an  interval 
of  9.6  hours.      It  is. 

Miu.  =  1892  Feb.  25d  13"  12'"  (Jpsala  M.T.  ;    Mag.  =  9". 4 

The  peculiar  form  of  the  light-curve,  with  an  increase  of 
only  2-3  steps  during  the  three  hours  after  minimum,  affects 
considerably  the  accuracy  of  the  determination. 

l.s.  3n2.">  ft  Ursae  Majoris. 
The  actual  observations  of  this  star  began  considerably 
later  than  I  intended.  In  order  to  determine  the  minimum, 
I  observed  indeed,  during  the  period  from  August  to  De- 
cember, a  star  which  I  supposed  to  be  I! .  but  in  order  to  be 
fiee  from  prepossession.  I  made  no  reduction  of  the  obser- 
vations. On  1892  Jan.  4  I  perceived,  however,  that  another 
star  of  9". 8,  not  previously  observed,  must  lie  the  true  R 
Ursue.  Since  this  time,  up  to  May  10.  inclusive.  I  have  ob- 
tained 16  observations,  and  (hid,  quite  certainly. 
Max.  =   1892  Feb.  16  ;     Mag.  =  6M.8 

19.     4  r»  1 1    T Ursae  Majoris. 

Fortv-five  observations   were   made   from  1891    Aug.  9   to 


20 


THE     ASTRONOMICAL    JOURNAL. 


N°-291. 


1892  Apr.  28,  and  9  from  July  24  to  Aug  16.  These  obser- 
vations give,  with  very  great  precision, 

Max.   =   1891   Oct.     30;       Mag.  =     8*0 
Min.    =   1892  Mar.   22;  =11.0 

The  minimum  magnitude  appears  to  me  to  be  given  decid- 
edly too  bright,  by  reason  of  the  step-value  below  '.»".">  hav- 
ing been  different  from  that  above  it.  1  assume  that  tin'  star 
was  not  brighter  than  11M.5.  The  accuracy  of  the  minimum 
epocli  will  not  thereby   be  affected. 

The  observations  in  July  and  August  began  only  some- 
what after  the  epoch  of  maximum,  and  do  not  Suffice  to 
determine  it.  They  are,  however,  of  interest,  as  showing 
that  this  maximum  was  very  much  brighter  than  the  preced- 
ing one.     The  star  increased  to  at  least  7".l. 

20.     4557  S  Ursae  Major  is. 
I    obtained    from    1890    Oct.  24  to    1891  Jan.  9,  14,  and 
from   1891   Aug.  9  to   1892   Apr.  28,  47  observations:   and 
obtain  from  them  the  following  epochs  : 

Max.   =   1890  Nov.   24;       Mag.   =     1.1 
Miu.    =  1891   Nov.    11  ;  =10.8 

Max.  =  1892    Feb.  22;  =     7.7 

All  these  epochs  are  tolerably  good,  although  not  very 
accurate. 

21.     4948  R  CanumVenaticorum. 

This  newly  discovered  and  apparently  little  observed 
variable,  I  have  observed  15  times  between  1890  Oct.  15 
and  1891  Jan.  9;  once  on  1891  Apr.  5,  and  56  times  be- 
tween 1891  Aug.  7  and  1892  May  5.     Thence  I  deduce 

Max.  =   1891   Jan.    2;       Mag.  =  7*0 
Max.  =  Dec.    6  ;  =6.7 

On  1892  May  5  the  star  had  sunk  to  10". 8,  and  was  still 
decreasing.  The  second  maximum  is  well  determined,  even 
if  perhaps  somewhat  affected  by  the  interruption  between 
Nov.  7  and  Dec.  4.  But  the  first  maximum  is  quite  uncer- 
tain, since  the  single  observation,  1891  Apr.  5,  was  made 
long  after  the  maximum  had  passed.  The  two  maxima  give 
the  following  provisional  elements: 

Max.  =   1891   Dee.   6      +  338" E 
The  brightness  at  minimum  appears  to  lie  almost  certainly 
between   11"  and    12*.     A   minimum  cannot  be  determined 
here  before   1894,  inasmuch  as  observations  of  faint  stars 
are  not  possible  in  May. 

22.     5157  S  Boot  is. 
Fourteen  observations  fall  between  1890  Oct.  15  and  1891 
Jan.  ;»  :    1    on   1891    Apr.  5,   and  42  between   1891  Aug.  4 
and  1892  Apr.  28.      From  these  we  have 

Min.  =   1891    Feb.    18:       Mag.  =   11*  7 
Min.  =  Nov.     8  ;  =    1  1.5 

Max.  =    1892  Mar.   23;  =     8.6 

I  believe  that  here  also  the  minimum  magnitudes  are  too 
bright.      In   November,    1891,  when  just  at  minimum,   the 


star,  while  it  did  not  eease  to  be  visible,  was  even  under 
favorable  circumstances  a  minimum  visibile  for  a  telescope 
of  162mm,  hence  about  12M.0.  The  first  minimum-epoch  is 
naturally  quite  uncertain  ;  the  second  is  better,  but  the 
large  gaps  in  the  observations  after  Nov.  7  make  it  still 
somewhat  uncertain.  Around  the  maximum  the  observa- 
tions do  not  agree  well;  yet  this  epoch  is  moderately  cer- 
tain. If  we  combine  it  with  Chandler's  epoch  of  maximum 
in  A.J.  1  79,  we  have, 

Period   =   269d.06 
On    the  other    hand   my  minimum-epoch,  Nov.  8,  combined 
with  Chandler's  gives, 

Period  =  269'.  To 
In    both    eases,    therefore,    a    not    unmarked    shortening     is 
distinctly  required. 

23.     5194    VBootis. 
Thirteen  observations,   1890  Nov.   20-1891   Jan.  9,  and 
an  isolated  one  on  Mar.  29,  give,  with  moderate  uncertainty, 
Ep.  9       Max.  =    181)0  Dec.  17:     Mag.  =  6V.i 
Eighty-one  observations,    1891    Aug.   7-1892    Aug.   20, 
give, 

Ep.    10       Max.  =   1891   Aug.   27;      Mag.  =  7.1 
10       Min.    =   1892  Feb.    13;  =  9.2 

1  1        Max.   =  May    27;  =  7.1 

Both  these  maxima  are  quite  accurate,  but  the  minimum  is 
very  uncertain  on  account  of  the  sparsity  of  the  observa- 
tions Jan.  6  -  Mar.   17. 

The  deduction  of  a  formula  is  difficult,  owing  to  the  un- 
certainty of  most  of  the  observations.  I  have  therefore 
abandoned  all  attempts  to  obtain  one  which  shall  represent 
not  only  the  actual  observations  but  also  the  previous 
estimates,  and  have  deduced  the  following  only  from  the 
Epoch  0  and  the  last  three. 

Max.  =  1884   Aug.    30  +256* E 
Min.    =   1885  Feb.      5  +256  E 

The  observations  are  represented  as  follows  : 

Maxima  Minima 

E  O— C  E  0— C 

0  0d  0  —8" 

1  +1!)  1  +4 

2  +25  10  +4 

3  +26 
9  —  4 

10  —   7 

11  +11 

24.     5190  R  Gamelopardalis. 

Sixty-one  observations,  from  1891  Aug.  9  to  1892  Aug. 
1  I .  give, 

Max.   =   1891    Oct.  26;         Mag.  =        7.2 
Min.    =   1892   Apr.    9; 


Max.  = 


Julv   18; 


11.4 

=     7.5 


The  variations  proceeded  quite  regularly,  and  the  increase 
was    somewhat    more    rapid    than    the    decrease.      All    the 
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epochs  are  very  well  determined.  At  minimum  the  star 
was  nearly  at  the  limit  of  visibility  in  my  telescope.  I  esti- 
mate the  actual  minimum  brightness  as  about  1 1  M.8. 

•>h.     5481    UCoronae. 
The  following  minima  were  observed  : 


Upsala  M.T. 

a      ii 

1891   Apr.   12   12 

Apr.    19    10 

Sept.  11      9 

Oct.    26     7 


Mag.       olis. 


1 


9.0 

20 

very  good 

9.0 

18 

good 

8.9 

11 

moderately  good 

9.0 

6 

verv  uncertain 

9.0 

11 

verv  uncertain 

1892  July    28   10  42 

26.  550-1  S  Goronae. 

Eighteen  observations  from  1892  Feb.  24  to  June  4   give, 
very  certainly, 

Max.  =  1892  Mar.   23;     Mag.  =  6*9 

The  rise  to  maximum  was  very  regular,  but  irregularities 

occur  in  the  descending  curve.  Besides  these  observations. 
I  have  25  others,  made  for  the  purpose  of  determining  the 
minimum.  But  towards  the  end  of  the  series,  they  were  so 
interrupted  thai  no  trustworthy  result  can  be  deduced. 

27.  5675   VCoronae. 

Ten  observations,  from  1>S90  Nov.  20  to  1891  Jan.  9,  and 
one  on  Mar.  27  give  very  uncertainly, 


Min. 


1890   Dec.    22;     Mag.  =   10M.9 


Sixty-nine  observations,  from  1891  Aug.  7  to  1892  Aug. 
22,  give 

Min.    =    1892  Jan.  4  ;     Mag.  =   ll."s 
Max.  =  June  5  ;     Mag.  =     7.6 

We  might  assuredly  obtain  a  somewhat  better  agreement 
with  the  observations  by  assuming  two  maxima,  a  principal 
maximum  on  May  20,  and  a  somewhat  fainter  secondary  one 
on  June  30,  with  a  secondary  minimum  on  June  17.  But 
since  such  an  irregularity  has  not  previously  appeared.  I 
have  adhered  to  the  above  dates.  I  find  the  following  form- 
ula for  the  maxima,  which  is  identical  with  one  round  by  me 
in  1885,  except  for  the  correction  of  — l'1  for  the  principal 
epoch. 

Max.  =   1878  Oct.  24.5     +  35.V.38.E 

From  the  four  minima  previously  observed  by  me  I  have 
deduced  Hie  toll. .wing  formula: 

Minima  =    1879  May  2     +  355".38.E 

The  observed  maxima  and  minima,  as  well  as  all  the 
other  data  known  to  me  with  regard  to  the  brightness  of 
the  star,  are  represented  by  these  formulas,  as  the  following 
tables  show. 


Maxima  and  Bright  Estimates. 

Ep. 

( lomputed  Max. 

Observations 

—22 

1857  May- 

29 

1857  Apr.    18, 

8.5(Bonn  DM.) 

—20 

lS. V.I  May 

111 

1859  July    25, 

>8.0(Winnecke) 

—  19 

1860  Apr. 

30 

1860  April 

>8.0(WlNNE<  M   ) 

—  is 

1861  Apr. 

20 

1861  Mar.    19, 

>8.0(WlNNECKE) 

0 

1878  Oct. 

24.5 

Max.  1878  Oei. 

20        (Duner) 

+    1 

is 79  Oct. 

14.9 

Max    1879  Oct. 
Oct. 

12  (Schmidt) 

13  (Duner) 

+    2 

1880  Oct. 

I.:; 

Ma\.  1880  Oct. 

3      (Doner) 

+   3 

1881  Sept. 

24.6 

Max.    1881   Oet. 

•'!      (Schmidt) 

+    4 

1HK2  Sept. 

15.0 

Max.  1882  Sept 

.    15.6    (Sdl.MII'l  ) 

+  ;. 

1883  Sept. 

5.4 

Max.  1883  Sep! 

.     5       (  S(  hmidt) 

+    6 

1884  An--. 

25.8 

Max.  1884  Aug 

31       (Duner) 

+  14 

1892  June 

7.9 

Max.  1892  June 

5      (Duner) 

Minima 

lnd  Faint  Estimates. 

Ep. 

Computed  Min. 

Observations 

—  10 

1869  Aug. 

8 

Ft.*  1869  July 

4,     (Tiele) 

—  6 

1873  June 

29 

Inv.  1873  Mai-.  14,19  (Birmingham  ) 

•'              Apr. 

2(1      (  BlRMINGB  1M  ) 

— -  5 

1874  June 

20 

•     1*74  Apr. 

1  0      (  BlRMINGB  \M  * 

—  •> 

1876  May 

31 

"    1876  An-. 

l     (Ball) 

—    1 

1877  May 

21 

"    1877  May 

1  1     (Seei.k.ei:  ) 

0 

1879  May 

2.0 

Min.  1879  May 

1     (Duner) 

+    1 

1880  Apr. 

21.4 

Min. 1880  Apr. 

25    (Duner) 

+  12 

1890  Jan. 

3.6 

Min. 1890  Dee. 

22    (Duner) 

+  13 

1891    Dee. 

25.0 

Min. 1892  Jan. 

4     (Duner) 

* 

'  lunm  zu  stl<i  a." 

28.     5950    WHerculis. 
This    star  was    observed  9  times  from    1890   Nov.  16  to 
1891   Jau.  9  ;    once  on    Mar.  29  ;    and  49  times  from    1891 
Aug.  7  to  1892  Aug.  22.     Thence  we  have 


Max.  =  1S9I  Jan.   1  1  ; 
Max.  =  Oet.    8  ; 

Min.    =  1892  Mar.    7  ; 
Max.  =  July  I": 


Mag.  =    8.3  uncertain 

=    8.2  good 

=  1  1 .11  somewhat  uncertain 

=     7.9  very  good 


From  earlier  dates  we  have  the  estimates  of  magnitude  in 
the  Bonn  Durchmusti  rung. 

M 

1857  Apr.  17  :      Mag.    =  8.5 
May    15;  =  9.0 

By  means  of  the  light-curve  I  thence  assume, 

Max.  =  1857  March  21 

since  t  he  confirmation  of  the  variability  of  i  he  star.  I  have 
determined  the  following  epochs  : 


Fp.  0  Min.   =  1880  Sept.  26 

0  Mux.  =  1881  Jan.     24 

6  Min.    =    1885  May    13 

6  M:i  x.  =  Sept.     5 

7  Max.  =   1886  July       1 


somewhat  uncertain 

very  uncertain 


moderately  good 


From  the  aggregate  data   1  obtain  the  formulas, 

Max.  =  1881  Feb.  17.1      +278.85  E  — o'.09  1  K 
Min,   =  1880  Oct.     1  +278.85  E—  0.091  E 
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The  comparison  of  these  formulas  with  the  observations 
jives  for  the  residual  errors. 


Max 

MA 

Ep. 

0— c 

—31 

+    2 

0 

—24 

+   6 

—  9 

+    7 

+  12 

+  13 

+    5 

+  14 

—   1 

+  15 

—   1 

Minima 


Ep. 

I) 

6 

15 


O— C 

.I 

—  5 
+  15 

—  11 


These  errors  are  ool  larger  than  we  should  expect,  from 
the  uncertainty  of  several  of  (.lie  epochs. 

29.     5948   H  Ursae  minoris. 
Twelve  observations,    between    1890  Oct.  15   and    1891 
Jan.  9,  and  36  between  1891  Aug.  7  and  1892  May  10,  give 
the  following  epochs  : 


Miu.  =  1890  Nov. 

21  ; 

Mag. 

=  9.5 

Min.   =    1891  Oct. 

28; 

=  9.9 

Max.  =  1892  Feb. 

7; 

=   8.6 

Min.  =              Mar. 

31  ; 

=  9.2 

All  these  epochs,  especially  the  last  two,  are  uncertain, 
for  (he  observations  agree  badly.  The  three  minima  give 
the  period  166  days,  with  the  residual  errors — 2'\  +7*1. — 4'1. 
If  we  unite  my  minima,  however,  with  ('handler's  normal 
epoch,  1881  May  23,  we  End,  according  as  we  count  the 
number  of  the  epoch  1891  Oct.  28,  as  23,  22,  or  21,  the 
following  periods  and  residual  errors  : 


p  = 

:  165.3 

P=  I73.li 

r  = 

:    181.4 

Ep. 

0— C 

Ep.     O— (! 

Ep. 

O— C 

0 

0 

0           0 

0 

0 

21 

—3 

20+9 

19 

+  23 

23 

+  7 

22     +   4 

21 

+    1 

24 

—  3 

23     —14 

22 

—25 

The  last  value  does  not  appear  consistent  with  iny  obser- 
vations. 

'30.     5955  II  Draconis. 

Forty  observations,  between  1891  Aug.  4  and   1892  Apr. 
28.  give  with  considerable  certainty  : 

Min.   =   1891  Sept.  27;     Mag.   =   1  1  To 
Max.  =   1892  Jan.     13;  =     6.9 


principal 


Uniting  the   maximum-epoch  with  Chandler's 
epoch,  we  ge( 

Max.  =   1858  June  5.0     +245d.5.E 

With  Mr.  Yendell's  last  observed  maximum  we  get  the 
period  245d.56. 

31.     6189   UOphiuchi. 

The  conditions  for  observing  this  star  at  I'psala  are 
highly  unfavorable,  since  the  nights  are  too  bright  and  short 
at  the  time  when  it  could  otherwise  best  be  followed.  In  con- 
sequence I  have  been  able  to  observe  only  four  minima  with 


sufficienl   completeness  to  get  derately  certain   epochs. 

These  are  : 


Upsala  M.T.  Mag.  Obs. 

1890  Apr.    3   14  15m5  7.0  28 

1892  Apr.  21    12  47.6  7.0  13 

July  24    1  1  30.6  7.0  13 

July  29   1  1  55.0  7.1  9 


\  ery  good 
good 

quite  good 
rather  uncertain 


32.     6512    THerculis. 

I  observed  this  star  from  1891  Aug.  7  to  1892  Sept.  5,  63 
times.  The  maxima  in  1891  September  and  1892  August 
are  determined  with  great  sharpness.  On  the  contrary,  the 
observations  between  Nov.  7  and  Mar.  17  were  far  too  spo- 
radic to  determine  a  second  maximum  independently. 
Nevertheless,  with  the  aid  of  the  light-curve  found  from  the 
other  observations,  a  tolerable  epoch  may  be  determined  for 
it.     I  find  : 

Max.   =    1891  Sept.  17;     Mag.   =  8/2 

Max.   =   1892  Feh.     29; 

Max.   =  Aug.      3  ;  =  7.5 

If  we  correct  the  first  and  third  maxima,  by  means  of 
Chandler's  sine-formula,  by  — 4d.83  and  — 5(1.0,  and  com- 
bine (hem  with  his  principal  epoch,  we  find  the  period 
165d.02. 

33.  7045  R  Cygni. 

Fifteen  observations  were  made  from  1890  Oct.  15  to 
1891  Jan.  10,  and  34  from  1891  Oct.  24  to  1892  May  10. 
The  invisibility  of  the  star  in  my  telescope  was  established 
on  21  days,  from  1891  Aug.  7  to  Oct.  12,  inclusive.  The 
observations  give  the  following  epochs: 

Max.  =  1890  Nov.  25;     Mag.  =  7  + 
Max.   =   1892  Feb.   17;  =    7.0 

The  maxima  were  quite  well  determined,  although  the 
flatness  of  the  light-curve  near  the  time  of  maximum  makes 
them  somewhat  uncertain. 

34.  7120  x  Cygni. 

The  star  was  observed  40  times,  from  1891  Aug.  7  to 
Nov.  7.     I  thence  obtain 

Max.   =   1891  Aug.  21  ;      Mag.    =  4\9 

During  the  whole  interval  the  variations  were  very  rapid 
and  regular.  While  it  would  have  been  desirable  for  the 
observations  to  have  begun  earlier,  yet  the  epoch  appears  to 
lie  very  well  determined. 

3.5.      7192  Z  Cygni. 
As  a  continuation  of  the  observations  communicated   in 
no.  254,  I   have  made  22  observations  between  1891    Nov.  7 
and  1892  May  10.     From  these  we  have: 

Min.  =  1891  Dec.  (i  ;     Mag.  =   ll".2 
Max.  —   1892  Apr.  3  ;  =7.1 

The  minimum  is  uncertain,  as  there  were  no  observations 
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between  Nov.  7  and  Dec.  21.     But  the   maximum   is  very 

well  fixed.  The  maxima  observed  by  me  do  not  permit  a 
sharp  determination  of  the  period  ;  inasmuch  as  both  of  the 
earlier  ones,  particularly  the  second,  are  uncertain.  Per- 
haps we  may  assume, 

Max.  =  1890  Nov.  2  +259iE 
which  accurately  represents  the  extreme  maxima,  but  places 
the  second  on  July  19,  which  is  by  no  means  irreconcilable 
witli  the  observations.  The  minima  appear  to  fall  139  days 
after  the  maxima  ;  and  the  minimum  brightness,  judging 
from  some  observations  in  Augusl  1892,  is  somewhat  lie- 
low  11M.5. 

36.     7220  S  Oygni. 

After  looking  for  the  star  on  19  days  between  1891  Aug. 
7  and  Dec.  12,  without  certainly  seeing  it,  it  was  finally 
distinctly  recognized,  on  Dec  21,  as  11M.0,  and  observed 
On  16  days,  until  it  had  sunk  almost  to  12*  on  Mar.  29, 
when  I  gave  lip  further  observation.  1  find  quite  certainly. 
Max.  =   1892  Feb.  4  ;      Mag.   =   9". 5 

As  no  recent  elements  are  known,  and  those  of  Schonfeld 
are  now  so  far  out  as  to  put  the  maximum  on  Dec.  24.  when 
the  star  was  scarcely  brighter  than  11",  I  have  combined 
my  epoch  with  Schonfeld's  principal  one  1869  Jan.  20.  and 
find  the  resulting  elements: 

Max.   =   1869  Jan.  20     +323d.65  E. 

37.     72.39  RSCygni. 

The  variability  of  this  star  was  pointed  out  by  Mr.  Espin. 
I  have  observed  it  51  times,  from  1891  Aug.  4  to  1892  Aug. 
22,  and  consider  the  variation  certain,  although  the  strong 
color  of  the  star  influences  the  accuracy  of  the  observations,  i 
and  perhaps  leads  to  differences  in  the  mode  of  estima- 
tion, even  by  one  and  the  same  observer.  Thus,  with 
respect  to  my  own  observations,  it  might  appear  suspicious 
that,  although  the  star  was  called  faint  in  1891  from  Aug.  I 
tii  Nov.  7.  it  appeared  very  much  brighter  after  the  gap  from 
Nov.  7  to  Dec.  12;  that,  after  an  interruption  of  almosl 
month,  from  Feb.  25  to  Mar.  19.  some  fainter  estimations 
were  made,  and  brighter  ones  again  after  a  new  gap,  May 
10- June  17.  But  it  would  be  ascribing  far  too  great  an  in- 
fluence to  these  circumstances,  did  we  attribute  to  them 
exclusively  the  fact  that  the  star  was  estimated  as  fainter 
than  DM.  39°3958  in  19  observations,  from  Sept.  9  to 
Nov.  7,  while  from  Jan.  4  to  July  29  it  always  appeared 
brighter  than  DM.  S8  3956,  and  until  July  17  almost  always 
brighter  than  DM.  38°3946.  Much  less  can  the  circumstance 
be  thus  explained,  that  during  the  interrupted  observations 
of  August- November  1892  the  star  decreased  by  fully  a  half- 
magnitude,  and  in  July-August  1892  by  actually  a  full 
niaguitude.  Consequently,  by  keeping  strictly  to  the  obser- 
vations. I  find 


Min.  =  1891  Oct.  16: 
Max.  =   1892  Apr.  26; 


Mag. 


8.3 
6.8 


The  minimum  is  thus  quite  accurately  determined.  But  on 
the  other  hand  the  star  remained  almost  constant  from  the  <  ml 
of  January  to  the  middle  of  May,  and  even  seemed  to  | 
a  secondary  minimum  of  7".0  in  March  and  April  :  yet  I 
attribute  this,  provisionally,  only  to  the  above-meutioned 
circumstance.  The  epoch  of  maximum  is.  however,  highly 
uncertain.  As  regards  the  period,  it  appears  to  be.  if  regu- 
lar, about  380  days:  for  the  star  had  almost  the  same 
brightness  at  the  end,  as  at  the  beginning,  of  the  observa- 
tions. 

38.  7299   UOygni. 

From  49  observations  between  1891  Aug.  4  and  1892  May 
10,  I  obtain 

Max.   =    1891  Sept.     7  ;     Mag.  =  7.8 
Min.    =   1892  Apr.    22;  =  9.9 

The  maximum  is  very  well  fixed,  since  the  change  of  lighl 
in  the  immediate  neighborhood  of  the  maximum  was  toler. 
ably  rapid,  although  otherwise  very  slow.  Some  of  the  ob- 
servations do  not  agree  well,  especially  those  made  in  tin- 
spring,  at  a  low  altitude  :  all  which  is  to  be  ascribed  to  the 
intense  color  of  the  star. 

39.  7194    i;  Cepkei. 

By  17  observations,  between  1891  Aug.  15  and  1892  Apr. 
28,  a  minimum  of  8*. 4  is  indicated  in  the  middle  of  January 
1892.  The  observations  from  1891  November  to  1892  April 
were,    however,   too   infrequent    to   permit    a    -ale    inf.: 

from  them. 

40.  742*    VCygni. 

From  1891  Aug.  7  Lo  1892  Apr.  28,  4  1  observations  were 
made,  gh  ing. 

Mux.   =    1  vl  Sept.  16;     Mag.  =  8".4 

The  light-curve  rises  and  falls  regularly,  although  not 
rapidly,  for  40  days  before  and  47  days  after  maximum. 
The  brightness  then  remained  constant  for  two  months, 
decreasing  rapidly  afterwards.  As  there  was  an  interrup- 
tion for  this  star  also,  of  more  than  a  month  after  Nov.  7. 
it  is  probable  that  the  secondary  maximum  mentioned  by 
Chandler  occurred  in  this  interval.  Combining  m\  epoch 
with  Chandler's  principal  epoch,  we  have  the  elements, 
Max.  =   1881  June  1      +418d£'. 

4  1.     7437  XCygni. 
During  the  summer  of  1892,  I  was  able  to  determine  two 
maxima  and  three  minima,   which  are   here  given. 
with  their  deviations  from  my  elements  in  no.  251. 


Maximum. 

Mag. 

Obs. 

0— C 

1892  July  25.1 

6.3 

6 

+  1.5 

Aug.    9.4 

6 .  2 

3 

+  0.1 

Minimum. 

Mag 

Obs. 

0— C 

1892  July    l-.l 

7.6 

6 

0.0 

Aug.    3.2 

7.5 

3 

—0.6 

Aug.  20.1 

7.5 

6 

—0.1 

These  three  minima  were  consequently  all  brighl 
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12.     7488    YCygni.  which  formulas  give  the  differences  between  observation  and 

Besides  the  minima  published  in  no.  20.").  1  have  observed     calculation  for  my  epochs,  as  shown  in  the  column  () — C  of 

the  table  above.  I  leave  unconsidered  the  question  whether 
these  differences  are  due  solely  to  errors  of  observation,  or 
to  anomalies  in  the  light-variatiou.  At  any  rate,  the  ampli- 
tude of  the  variation  between  the  maximum  of  1892  Feb.  7 
and  the  minimum  of  March  29  is  the  smallest  of  all,  as  like- 
wise the  interval  of  time  is  the  shortest.  The  very  consider- 
able amplitude  of  1.7  mag.  between  1892  June  11  ami  Aug. 
16  is  fully  established.  It  must  nevertheless  be  remarked 
that  the  magnitudes  of  the  comparison-stars  were  not  photo- 
metrically determined,  but  deduced  by  collation  of  the  mag- 
nitudes in  the  DurchiHustcrung,  by  the  aid  of  my  step- 
estimates. 


t  psala  M    1 

Obs. 

892  Apr.      7 

1  2      8 

11 

very  good. 

Apr.   2.") 

1 1   26 

!l 

somewhal  uncertain, 

Apr.   28 

11    12 

14 

\  civ  good. 

May      1 

in  56 

8 

very  uncertain. 

May    m 

Hi    15 

1  1 

quite  good. 

43.     7Gi  1:1   TCephei. 
Sixty-six    observations,   from   1891    Aug.  9  to  1892  Sept. 
2,  give, 


Min.  =   1892  Jan. 

12; 

Mao. 

=  9.6 

Max.=            Au». 

1  ; 

=  5.2 

The  epoch  of  minimum  is  quite  well  determined,  although 
by  no  means  to  a  degree  commensurate  with  the  large  num- 
ber of  observations.  For  example,  the  20  observations  of 
August  and  September  1891  have  no  bearing  on  the  mini- 
mum-epoch. The  epoch  of  maximum  is  very  well  tixed, 
although  the  strong  color  of  the  variable  and  its  large 
distance  from  the  comparison-stars  were  unfavorable. 

44.     7754    WCygni. 
This  star  was  observed  16  times  between  1890  Oct.  15  and 
1891  Jan.  10,  and  88  times  between    1891  Aug.  7  and  1892 
Sept.  12.     The  results  are  as  follows: 
Epoch 

Min.  =  1890  Nov.     8 

Max.  =  Sept.  21 

Min.  =  Dec.     2 

Max.  =  1892  Feb.     7 

Min.  =  Mar    29 

Max.  —  June   11 

Min.  =:  Aug.  16 

The  first  of  these  minima  is  somewhat  less  sure,  on  ac- 
count of  the  gap  from  Oct.  30  to  Nov.  21  in  the  series  of 
observations.  Moreover,  the  second  and  third  minima,  as 
well  as  the  second  maximum,  are  not  very  certain.  On  the 
other  hand,  the  first  maximum  and,  above  all,  the  last  two 
epochs  are  very  accurate.  Combining  my  epochs  with 
Chandler's  normal  ones,  I  find 

Mux.  =    1884  Dec.  13 
Min.    =  Oct.  12 

Upsala,  1893  Jan.  21. 


Mag. 
6.6 

O— C 

d 

+    2.9 

5.1 

—  2.7 

6.5 

+    1.0 

5.5 

+    6.0 

6.1 

—11.3 

5.0 

+   0.7 

6.7 

—  1.6 

+  130.3,5 
+  130.3  E 


45.  7779   S  Cepliei. 

Twenty-six  observations,  between  1891  Aug.  15  and  1892 
March  29  give,  not  too  uncertainly, 

Max.  =  1891  Dee.  28;     Mag.  =  9". 2 
This  brightness  at  maximum  is  remarkably  low.     15y  com- 
bining this  epoch  with  Chandler's  principal  one,  we  obtain 

Max.  =   188!  May  16      +485" .E 
and  therefore  precisely  the  period  given  by  Scbonfeld. 

46.  8153   RLacertae. 

Seventeen  observations  in  1892  between  Jan.  28  and  Apr. 
28,  give 

Max.   =   1892  Feb.  23;     Mag.  =  8M.3 

As  late  as  Dec.  21  the  star  remained  invisible.  If  my  de- 
termination be  combined  with  Chandler's  principal  epoch, 
we  shall  have,  for  the  length  of  the  period  299d.4  or  332d.7, 
according  as  we  assume  the  number  of  periods  to  be  10  or  9. 

47.     8600  R  Cassiopeae. 

I  have  made   16  observations  of  this  star  between   1890 
Oct.  23  and  1891  Jan.  10.  and  then  60  between  1891  Aug.  12 
and  1892  May  31.     These  give- 
Max.  =   1891  Jan.     4;     Mag.  =  6.1 
Min.    =  Sept.  6;  =  9.7 

Max.  =   1892  Mar.   3;  =5.7 

The  first  two  epochs  are  uncertain,  inasmuch  as  the  obser- 
vations were  not  well  distributed  on  the  two  sides.  But  the 
second  maximum  is  very  well  determined. 


CORRE<  TION\ 

I'.v  a  slip  of  the  pen  the  name  of  the  variable  7909,  on  p.  13,  was  written  7?;   it  should  be  N  Pisris  austrini. 

S.  C.  Chandler. 

CORRIGENDA. 

No.  l'sl'.  p.  141,  col.  '.',  line  2,  the  Greenwich  times  should  be  diminished  i>y  7h. 

No.  287,  p.  182,  col.  I,  line  20,    for    reflected    put    neglected. 

No.  290,  p.    13.      Decl.  of  the  New  Variable  in  Aquila,    for    —5°  35'. 5    put    — 5°  53'.5. 
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OBSERVATIONS,  FROM  18SS  TO  1893,  OF 

By  PAUL  S 
F.  "28  Andromedae. 

a  =  0h  22'"  ::o\4        i  =  -4-28°  27'.:;  |  1855). 

This  star  has  for  some  years  been  more  or  less  suspected 

of  variability  :   from   1888  Jan.  28  to  1891   Oct.  2."),   I   nave 

sixteen    observations  of  it,  all   very   accordant,   the   range 

being  only  from  6".0  to  6".2 ;  the  average  magnitude  is  6M.l. 

(1367)      Tauri. 

a   =  31'  45'"  2C=         6   =  +7°  20'.G   (1855). 

1  have  fifty-one  observations  of  this  star,  from  1889  Nov. 
15  to  1893  Feb.  5,  ranging  with  exception  of  two,  from 
6M.6  to  7M.2.  On  the  two  exceptional  occasions.  1892  Jan. 
21  and  31.  it  was  not  seen  with  the  field-glass,  and  must 
therefore  have  been  below  8M.0.  I  have  been  unable  to 
trace  any  regularity  in  the  star's  fluctuations. 
(1805)    Ononis. 

a  =  41'  58m  2:V         6  =  +3°  54'.1    (1855). 
I  have  looked  for  this  star  on  the  following  dates  ;   1892 
Jan.  1,  Mar.  6, Mar.  19, Oct.  31,  Nov.  11,  Nov.  24.  Dec.  9  and 
1893  Feb.  5  ;  on  each  occasion,  all  the  other  Durchmusterung 

stars  in  the  held  of  the  telescope  were  identified,  hut  1  have 
never  seen  anything  in  the  place  of  (1805),  the  limit  of 
vision  being  usually  assumed  as  11"  or  less. 

38  (U.A.)  Leporis. 

a   =  5h   15'"   7-         i  =  —21°  22'.0   (1875). 

This  star  was  announced  as  variable  by  Prof.  Ellen  at 
the  Melbourne  ( Ibsei  \  atory  in  1 886,  and  estimates  given,  ap- 
parently showing  a  change  of  0M.8,  in  a  short  period.  Sawyer 
finds  it  constant.  1  have  seven  observations,  from  1892  Nc* . 
10  to  Dee.  11  :  these  show  an  average  departure  of  ±1.4  step 
from  a  mean  of  5".17.     The  star  is  certainly  constant. 

F.  .'!  1  Oriouis. 

a  =  51'   22'"  22-         6   =  — 1°    11'. 7    (1855). 

Between  l«89  Jan.  29  and  1892  April  9,  1  have  forty- 
seven  observations  of  this  star,  distributed  as  follows: 
1889  Jan.  29  to  April  19,  twenty  :  from  5M.l  to  .V.5.  aver- 
-  5".3i  1889  Nov.  5  to  1890  Jan.  16.  six.  from  4M.9  to 
..'.:'..  average  5M.l  :  1890  Dec.  7  to  1891  Mar.  11.  nineteen, 
from  1*9  to  5*.7,  average  .V. 4  ;  1892  Mar.  6  and  April  9, 
both  5".3. 

Willi  the  exception  of  the  third  series  of  the  above  obser- 
vations, the  indications  decidedly  discourage  the  supposi- 
tion of  the  star's  variability;  and  the  difficulty  of  observing, 


STARS  SUSPECTED  OF  VARIABILITY, 

YENDELL, 

owing   to  its  strong  color,    tends    greatly    to    weaken    the 
inference  in   favor  of  it  from   this  series  :   my  personal  im- 
pression is  strongly  in  favor  of  the  star's  constancy. 
F.  39  Aurigae. 

a  =  ,V>  54'"  376.9         <5  =  +42°  59'.2   (1855). 

Of  this  star  I  have-  fifteen  observations  in  November  and 
December  1890,  one  in  October  1891,  and  one  in  October 
1892  :  these  all  give  the  star's  magnitude  as  6M.0,  with  the 
exception  of  1890  Nov.  5,  5M.9.      The  color  is  very  reddish. 

i  2305  |    Lyncis. 

a  =  6"  20™  14-  6  =  +58°  50'.6  1-v, 
One  of  Chandler's  List  III,  in  the  Supplement  to  his  cat- 
alogue. 1  have  twenty-four  observations  of  it,  from  1892 
Jan.  1  to  Nov.  9  ;  of  these,  all  buf  live  are  very  accordant, 
the  extreme  limits  of  difference  being  8*. 2  and  8". 4  :  of  the 
others,  four,  from  Mar.  5  to  19.  are  TVs,  and  one.  Oct.  29. 
is  7". 9.  I  strongly  suspect  a  mistake  in  one  of  the  com- 
parison-stars in  the  March  observations,  and  consider  the 
evidence  decidedly  in  favor  of  the  star's  constancy. 

(5952)    F.  ■}:)  Herculis. 
a  =   l(ji>  29">  50«         <S  =  +7°  23'.3  (1S55). 

This  star  is  one  of  List  III.  in  the  Supplement  to  Chand- 
i  i  r's  Catalogue.  I  have  about  a  hundred  and  seventy  ob- 
servations of  it.  in  the  seasons  of  1889  to  1892.  These  ap- 
pear  to  indicate  variation,  more  or  less  irregular  in  both 
range  and  period,  the  light-curve  indicated  by  my  observa- 
tions being  very  similar  to  those  of  U Monocerotis  ami 
RScuti;  the  intervals  between  successive  observed  maxima 
and  minima  vary  from  fourteen  to  twenty-eight  days,  the 
mean  period  indicated  being  20d.6. 

The    observed    times    of    l 
follows  : 


Maxima 

w 

Mag 

1889  June  23.6 

4 

7.1 

.linv    17.5 

4 

7. -J 

31  3 

3 

7.0 

Aug.  28. ! 

3 

7  5 

1890  May  22.4 

1 

7.o 

June  15.4 

4 

July     4.8 

4 

7.3 

23.4 

4 

7.3 

Aug.    9.1 

3 

7.5 

1891  June  16.4 

3 

6.9 

1892              2.0 

3 

7.0 

ma    and    minima 

are    as 

Minima 

w 

Mag. 

1889  Juni 

3 

8.0 

July  23.6 

I 

8.0 

Aug.  17.0 

1 

8.0 

Sep.     20.0 

3 

7.9 

1890  May    1  1.8 

I 

8.0 

June  26.9 

•". 

8.2 

Jlllv    15.75 

4 

7.8 

Aug.    3.6 

4 

8.0 

1891  July     5. 1 

:•> 

7.7 

(25) 
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1892  Aug.    29,     9.1 
Sept.  10,     9.2 


The  amplitude  of  the  variation  seems  to  differ  consid- 
erably at  different  times,  the  average  being  aboul  0".8,  but 
ihf  extremes  being  more  than  a  whole  magnitude  apart; 
while  at  times  for  a  considerable  interval,  the  observations 
show  no  change  beyond  one  or  two  steps.  There  appears  to 
me  to  be  no  doubt  thai  the  star  is  actually  variable. 

(6943)   Sagittae. 

a  =  19*   16™  13'        i  =  +17°  28'.]    (1856). 
1  have  live  observations  of  this  star,  from   1892  July  20 
to  Sept.  10,  as  follows  : 

1892  July   20,     9*9 

Aug.  15,     9.8 

"     21,     9.4 

The  evidence  of  these  observations  seems  to  favor  the 
star's  variability. 

204   (U.A.)  SagiUarii. 

a  —  19"  28'"  26"  6  =  —24°  25'.9  (1875). 
Thirty-three  observations  of  this  star,  made  in  1889  and 
1891  are  rather  indecisive  as  to  its  variability,  ranging  from 
5". 3  to  6M.0,  quite  irregularly.  The  star  is  very  red,  and, 
as  Sawyer  {A.J.  VIII,  p.  124)  remarks,  very  difficult  to 
observe,  and  I  do  not  attach  much  weight  to  the  indications 
of  variability  afforded  by  my  observations. 

265  (U.A.)  SagiUarii. 
a  =  19*  54"'  5SS  i  =  —28°  3'.3  (1875). 
My  experience  with  this  star  corresponds  substantially 
with  Sawyer's  (A.J.,  VIII,  p.  124).  Fifty-four  sequences, 
made  in  1889  and  1891,  appear  to  indicate  fluctuations, 
which  are  very  difficult  to  disentangle,  in  the  whole  group, 
which  includes,  with  this  star  e(F.  62),  b,  w  and  ASagittarii. 

DM.  39°4114. 
a  =  20"  11"'  45\  4        r!  =  +39°  54  .9   (1855). 

This  is  Espin-Birmingham  660;  Espin  thinks  probably 
variable,  and  gives  various  observations,  from  5M.2  to  ,sN'.o. 
1  watched  the  star  closely  from  1892  Sept.  5  to  Dec.  3,  ob- 
serving it  thirty  times  ;  during  the  whole  of  this  period  my 
estimates  are  very  accordant,  giving  a  value  of  6M.2,  with 
I  he  exception  of  Sept.  15,  6M.4,  Sept.  21,  6M.4.  and  Sept. 
25,  6M.4.  1  do  not  consider  that  my  observations  afford 
any  evidence  of  variation  during  the  period  which  they 
cover. 

Dorchester.  Mass.,  1893  Feb.  11. 


p  Capricorni. 

a   =  20"  21"'    14-  A   —  —18°   13'.:.    i  Is?:.  |. 

This  is  No.  24  of  Coke's  Provisional  List,  the  limiis  of 
change  being  given  as  tM.0  to  6".0.  I  have  twenty-eighl 
observations,  from   1891  Aug.  22  to  Oct.  17,  which  appear 

to   indicate   irregular  changes  from  5M.2   to   5". 9  ;   I  do  not 
believe  that  the  star  is  actually  variable. 

DM.  39°4208. 
a  =  2o"  l\;"'  :u ■..",  6  =  +39°  29'.9  (1855). 
Espin  (Monthly  Notices,  Dec.  1891)  says  this  star  is 
variable,  from  7>,.6  to  11M.2.  I  have  twelve  observations, 
from  1S'.)2  Nov.  19  to  Dec.  29,  showing  a  range  of  from 
8". 5  to  9M.0  only,  which,  in  view  of  the  star's  strong- 
orange  color,  afford  no  confirmation  of  its  variability.  The 
star  is  Espin-Birmingham  673. 

DM.  83°4056. 

a  =  20"  45'"  12\9  A  =  +33°  57'.1  (1855). 
My  attention  was  drawn  to  this  star  during  the  autumn 
of  1890,  when  it  was  tried  as  a  comparison-star  for  YCygni, 
but  discarded  as  being  too  nearly  of  the  same  brightness 
with  the  star  />,  (Chandler's  notation),  7M.9.  On  1891 
Sept.  30,  I  found  it  8M.4,  and  fifty-five  observations  from 
this  date  to  1892  Nov.  20,  appear  to  indicate  that  the  star 
lias  varied  irregularly  during  the  year,  from  7M.9  to  9M.0. 
The  D.M.  magnitude  is  8M.4. 

DM.  38°4711. 
a  =  22"  7'"  40-.  1  ,\  =  +38c  59'.8  (1855). 
Chandler  in  his  list  of  suspected  stars  (Annals  H. CO., 
Vol.  14,  p.  471)  quotes  magnitudes  by  several  authorities, 
from  4M.5  to  7M.5,  Thirteen  observations,  from  1888  Jan. 
30  to  June  14,  show  a  range  of  from  5M.3  to  5X'.7  only,  the 
mean  being  5M.5 ;  one  observation,  1892  Oct.  23,  gives 
5M.4.      The    presumption    seems    to    be    against   the    star's 

variability. 

DM.  48°3887. 

a  =  22"  50'"   (i\4         ,S  =  +40°   57'. S    (1855). 

Chandler  in  his  list  of  suspected  stars  (Annals  H  CO., 
Vol.  14,  p.  472)  quotes  magnitudes  by  various  observers 
from  4M.5  to  6M.5.  My  five  observations  from  1888  Jan. 
30  to  July  3,  are  very  accordant,  ranging  from  5M.6  to  5M.8. 
I  have  also  an  observation  on  1892  Oct.  23,  5W.4.  Probably 
constant.     The  star  is  verv  red. 


OBSERVATIONS   OF    COMET  /'  1892  (sol hem, 

MA1>E   AT   THE   IIAVEREORD   COLLEGE   OBSERVATORY, 

By  Prof.  WM.  II.  COLLINS  and  GEORGE  L.  JoNES. 


L893  Haverford  M.T. 

* 

No. 
Comp. 

da 

-* 

b/ 's  apparent 

8 

I'>KpA 
for  a       1     for  rl 

Obs. 

Jan.  20     9   19   27 

25*  8  48  55 

Peb.     4     8  42     9 

1 

2 
3 

10  ,  5 
10  ,  5 
10,5 

111            8 

+  2  3:;.P! 
—0     2.34 
+  1   25.46 

i          n 

+  1    36.5 
—6  46.0 

—6   49.0 

1  '27'"  10. 18 
1    .",1    12.. ",7 
1    48   51.85 

+33  39     8.7 
+  33    11    22.7 
+  33  51    .'is. 7 

9.670::      0.4471 
9.645.",      (1.4001 
9.6704    !   0.44  18 

J 

c 
J 

f  j,<  measured  with  micrometer. 
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Mean  Places  for  1893.0  of  Comparison- Stars. 

* 

a 

Red.  to                       5 
app.  place                    o 

Red.  to 
app.  place 

Authority 

1 

2 
3 

ll         III         - 

1   24  37.62 
1    34    15.63 
1   47  27.37 

— o".87 
—0.92 
—0.98 

+  33  37   24.0 

+  33  48     0.5 
+  33  58  19.6 

+8.'l9 

+  8.15 
+  8.11 

Weisse's  Bessel  1,491 
Weisse's  Bessel  I.  726 
Weisse's  Bessel  1.  1047 

FILAR-MICROMETER   OBSERVATIONS   OF   COMET/1892, 

MADE    Willi     UN     26-INCH    REFRAI    TOK    "1     THE    LKANDEH    M^ORMICB    <il;«].l:\   \lnl:V    nF    till:    OKrVEKSITT    OF    VIRGINIA, 

By  EDGAR  ODELL  LOVETT. 
[Communicated  by  Prof.  Ormond  Stone,  Director.] 


1892-93  L.McC.  M.T. 

* 
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(  omp. 
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jS 

a 
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h        in         * 

III           s 

•              OF 

i 

III            5 

o     *  /        a 
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1'  23  57 

1 

5 

v   . 

+  5  22.0 
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.    .    . 

0.129 

10  15  33 

15 
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0 

53   15.45 
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lit  -.'7    12 

14 

+  1    13.47 

.      .      . 

0 

53    15.87 
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11   52  4  2 
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+  4   59.5 

+  .".4    29   38.2 

il.:,  18 

.lull.    12 

9    19     9 

2 

■J-  .   1-J 

—0  36.23 

—  0   11.8 

1 

16  56.39 

+  33    in  55.1 

9.584 

0.229 

13 

7  28     6 

6 

— U  50.8 

+  33  40  16.1 

0.105 

7  .")5  53 

21 

+  0  36.33 

1 

18     8.94 

9.392 

17 

7     5   50 
7   24    14 

3 

32 

3 

—  1   32.80 

+  1   35.0 

1 

23   14.50 

+  33  39     1.6 

9.344 

0.038 

• 

7  41    25 
9     8  32 

24 

9 

_1   30  68 

+  1   32.6 

1 

23    16.62 

+  33  38  59.2 

9.474 

0.350 

19 

6  43  59 

7  9   28 

3 

32 
6 

+  1      t.65 

+  1    32.1 

1 

25   51.92 

+  33  38  58.6 

9.262 

0.110 

7  35  25 

32 

+  1      7.88 

1 

25  55.15 

9.171 

7  57  24 

6 

+  i  ;;•-'.  2 

+  33  38  58.7 
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20 

7     9   1-1 
7  38   17 

4 

32 

6 

—0  35.70 

+  0  39.4 

1 

27   14.2 

+  33  39.1 

9.351 

0.108 

8     0  54 

32 

—0  32.68 

.      .      . 

1 

27    17.2 

.      .      . 

9.546 

8  24    16 

6 

.      .      . 

+  0  39.6 

+  33  39.1 

•      .      • 

0.189 

8  53     2 

32 

—0  30.03 

1 

27   19.9 

9.644 

9   16  39 

6 

.      . 

+  0  39.7 

+  33  39.1 

0.392 

21 

6  35  38 

4 

32  ,  6 

+  0  43.84 

+  0  53.5 

1 

28  33.7 

+  33  39.3 

9.245 

9.925 

7   -JO  53 

3  2  .  6 

+  0  46.28 

+  0  53.9 

1 

28  .".6.2 

+  33  39.3 

9.442 
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7   ■">  1    1 5 

32  .  <; 

+  0  48.14 

+  0  54.8 

1 

28  38.0 

+  33  39.3 

9.527 

I'.  151 

23 

6  26     0 

5 

16  .  3 

+  1    13.13 

+  4  33.7 

1 

31    17.16 

+  33  40     3.4 

9.218 

9.912 

25 

7  35   16 

6 

21  .  6 

—0     5.92 

—6  55.9 

1 

34     9.93 

+  33  41      7.4 

9.515 

0.138 

26 

7   ■_■:,   24 

20  ,  6 

+  1    18.39 

-6   13.3 

1 

35  3 4. •_':; 

+  33  41   49.9 

9.495 

0.11-1 
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7    IS  51 

24  ,  6 

+  2  43.65 

—5   18.9 

1 

36  59.48 

+  33   42   44.2 

9.483 
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Mi  a  ii    Places 

for  1802.0  and  1893.0 

of  Compa rison- Stars . 

* 

a 

Ued.  in 
app.  place 

5                      Red.  t" 
0                   app.  place 

Authority 

1 

2 
3 
1 

5 
6 

h       in                                                                                   '          " 

0  51   59.77          +2.63    '      +34   21    10.6 

1  17  33.11          —  0.82          +33    |n  58.6 
1    24   48.13             \z$i  j           +33  3,    18.2 
1    27  50.8            —0.87          +33  38.3 

1   30     4.93         —0.90         +33  .".5  21.6 
1   34   16.76          —0.92          +33    17  .".."..1 

+  28.1        Paris  1225,  Leideu  Z.(2) 

+   8.3        Pi.,d'A.,B.Z.439,  Riimk.,  Paris,  Leiden Z. 

+   8.3        Leiden  Zoues(  D.  Paris,  i 

+   8.3        DM.  33  255 

+   8.  l         Leiden  Zones 

+   8.1        Leiden  Zones(2) 

The  position  for  star  .'  was  furnished  by  Prof.  Boss;   it  was  reduced  with  pr.m.,  +0\018,  +C.11. 
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Dec.  20.  Comet  observed  through  wet  haze.  Faint,  and  nucleus 
seen  with  difficulty. 

Jan.  12.  Comet  very  faint  ami  diffuse.  Nucleus  still  visible. 
High  wind. 

.Ian.  13.    Growing  fainter  rapidly.  Nucleus  barely  visible.  Windy. 

Jan.  1G.  Found  in  the  place  of  comet  Holmes  what  appeared  to 
be  a  reddish  yellow  star  in  a  fog.  Bright  nebulosity  about 25*  in 
diameter.    Clouded  up  before  a  micrometer  measure  could  be  made. 

Jan.  17.  Comet  star-like.  Nucleus  very  bright  and  well-deflned. 
I  olor  yellowish  red.     Seeing  excellent. 

Jan.  19.  Visible  to  the  naked  eye.  Apparently  greater  conden- 
sation.    Change  in  color,  the  comet  being  decidedly  bluish. 


NOTES. 


Jan.  20.  Nucleus  stellar,  ami  as  bright  as  on  the  17th.  Circular 
nebula  around  nucleus  smaller  and  fainter. 

Jan.  21.     Comet  bright  and  blue  and  larger.     Seeing  good. 

Jan.  23.  Circular  nebula  around  nucleus,  not  so  condensed,  and 
more  irregular  in  form,  extending  over  an  area  twice  as  large  as  on 
the  16th.     Nucleus  larger  and  fainter.     Moonlight  ami  clouds. 

Jan.  25.  Nucleus  not  so  well  defined.  Comet  large  and  bright 
in  moonlight.     Growing  fainter.     Seeing  good. 

Jan.  2G.     Hazy  ami  moonlight.     Nucleus  poorly  defined. 

Jan.  27.  Comet  diffuse.  Nucleus  very  difficult  to  see.  Appear- 
ance much  the  same  as  on  the  12th.  Moon  and  clouds.  Seeing 
poor. 


XOTE   OX  THE   MASSES   OF   MARS,    SATURN,    URANUS  AND  NEPTUM:. 

By  A.  HALL. 


In  No.  288,  p.  188  of  this  Journal  I  have  given  the 
value  of  a  revolution  of  the  screw  of  the  micrometer  of  the 
'26-inch  equatorial  of  the  Naval  Observatory,  which  appears 
to  me  the  right  value  to  be  used  in  the  reduction  of  all  my 
measures  of  distance  made  with  this  instrument  in  the  years 
1875  to  1891.  For  the  observations  of  double  stars  this 
change  of  value  is  of  little  importance,  and  generally  it  may 
be  neglected  ;  but  in  the  determination  of  the  masses  of  the 
planets,  the  new  value  should  be  introduced.  I  give  below, 
therefore,  these  masses  as  they  result  from  my  measures  of 
the  distances  of  the  satellites,  using  the  new  value  of  the 

screw. 

R  =  9".9360. 

The  changes  in  the  masses  are  indeed  small,  and  some- 
times are  nearly  within  the  limits  of  the  probable  errors, 
but  it  is  well  to  reduce  all  these  quantities  to  the  standard 
which  should  be  used  in  the  reduction  of  my  measures  of 
distance. 

Mars. 

For  the  mass  of  this  planet  I  use  at  present  only  the 
measures  of  distance  in  1877,  and  the  periods  determined  in 
1879.  An  attempt  to  correct  the  mean  distances  from  the 
observations  of  other  years,  by  means  of  partial  equations, 
would  not,  I  think,  be  justified  ;  and  it  is  better  to  wait  for 
the  discussion  of  the  complete  equations  of  condition.  The 
distances  observed  in  other  years  show  that  the  adopted 
mean  distances  are  nearly  correct.  We  have  therefore  the 
following  quantities  for  this  planet.  The  periods  are  ex- 
pressed in  mean  solar  days  ;  the  mean  distances  a,  are  those 
seen  at  the  distance  unity  of  the  planet,  and  for  convenience 
the  reciprocals  of  the  mass  are  given  in  the  tables. 


Satellite 

Period 

a 

1 
m 

I'linbos 
Deimos 

0.318!'ll3     12.9366 
1.2624349    32.31-55 

3089991  ±  10  104 
3106446  ±    3485 

Saturn. 

The  observations  of  Mimas  and  Enceladus  are  omitted 
in  computing  the  mass  of  this  planet,  since  these  satellites 
were  generally  difficult  to  observe,  especially  the  first,  ami 
small  errors  in  the  distances  have  too  much  influence  on  the 
result.  The  values  of  a  are  those  seen  at  the  distance 
9.53885. 


Satellite 

Period 

a 

1 
m 

Tethys 

1.8877978 

42.683 

.■'.175.8  ± 

10.63 

Dioiie 

•2.7369140 

54.66S 

3476.2  ± 

8.38 

Rhea 

4. .".174991 

76.445 

3462.9  ± 

6.20 

Tit, m 

15.9454245 

176  785 

3487.7  ± 

1.16 

Iapetus 

79.3310152 

514.895 

3494.0  ± 

0.96 

Mass  of  Saturn  = 


1 


3490.8±  0.73 

Iii  the  years  1875,  1876  and  1877.  and  again  in  1889  and 
1890.  the  difference  of  declination  between  Saturn  and  Iapetus 
was  very  small,  and  the  mean  distance  of  this  satellite 
would  depend  almost  wholly  on  the  difference  of  right- 
ascension.  An  attempt  was  made  therefore  to  determine 
the  mass  of  the  planet  by  a  method  nearly  independent 
of  the  value  of  a  revolution  of  the  micrometer-screw.  By 
observing  the  difference  of  right-ascension  on  the  chrono- 
graph I  found. 


1875. 

a     =     515.594      ±  0.0559 

187.;. 

a     =     515.454      ±0.0583 

1S77, 

a     =     515.517      ±0.0526 

1889-90, 

a     =     515.304      ±0.0640 

Hence  we  have 

a  - 

=  5 15". 4  79      ±  0".0286 

Mass  of  Stars 


3  104  700±  3595 


3482. 2±   0.53 
The  results  of  the  two  methods  differ  by  4J„  of  the  mass, 
and  I  think  the  mean  may  be  taken  as  representing  the  final 
result  of  my  observations. 

Mass  of  Saturn  = 


1 


:t4si;  :. 


N°-  292. 


THE     ASTRONOMICAL     JOURNAL. 


29 


On  leaving  this  planet,  with  its  wonderful  system  of  Rings 
and  satellites,  I  venture  to  call  the  attention  of  astronomers 
who  have  the  use  of  large  telescopes  to  the  need  of  good 
observations  of  the  inner  satellites,  Tethys,  Enceladus  and 
Mimas.  The  work  of  observing  these  faint  objects,  and 
discussing  their  motions,  would  be  laborious,  but  in  order 
to  determine  the  mass  of  the  Ring  and  its  action,  and  that 
of  the  figure  of  the  planet,  such  observations  must  be  made. 

Uranus. 

The  mass  of  this  planet  depends  on  my  observations  of 
the  two  outer  satellites,  since  the  inner  ones,  Ariel  and 
Umbriel,  are  among  the  faintest  objects  I  have  ever  ob- 
served, and  they  are  of  but  little  use  for  this  purpose.     Tiie 

1893  February  23. 


values   of   a   are    reduced    to    the    distance    of    the    planet 
19.18338. 


Satellite 

Period 

a 

I 
m 

Titania 

Oberon 

8.705897 

13.463269 

31.348 
42.070 

22925    ±47 
22682    ±34 

Mass  of  Uranus  = 

1 

22765±  28 

N<  ptvne. 

For  this  planet,  its  menu  distance  tV the  sun  was  assumed 

to  lie  30.0551,  and  the  results  from  my  measurements  are 
Period  :=   5d. 876834  ;     a  =    16". 349 

l 


Mass  of  Neptune  = 


19H9±  53 


ANCIENT  ECLIPSES   AND   CHEONOLOGY, 

By  W.  T.  LYNN,  B.A.,  F.R.A.S. 


May  I  crave  space  for  a  few  more  lines  with  regard  to 
Mr.  Stock wki.l's  contention  that  the  years  of  the  Greek 
Olympiads  coincided  with  years  of  bissextile  in  the  Roman 
Calendar?  Most  chronologists,  on  the  other  hand,  take  the 
bissextile  year  to  have  corresponded  to  a  year  preceding 
that  in  which  an  Olympic  festival  was  held,  and  I  think  I 
have  already  shown  that  there  is  no  reason  to  depart  from 
this  view,  according  to  which  the  first  year  of  an  Olympiad 
would,  in  15. C.  dates,  fall  in  every  even  multiple  of  four  years, 
and  in  A.I),  dates  in  the  years  after  such  multiples,  in 
B.C.  1  for  instance,  and  in  A.l).  1  and  5. 

The  principal  reason  apparently  why  Mr.  Stockweli. 
proposes  to  alter  this  is  because  he  thinks  it  necessary  to 
carry  back  the  accepted  date  of  the  invasion  of  Greece 
under  Xerxes  by  one  year,  making  it  B.C.  481,  instead  of 
B.C.  480.  For  we  are  told  that  an  Olympic  festival  was  held 
in  the  year  of  the  invasion  ;  and  Herodotus  speaks  of  a  re- 
markable phenomenon  in  the  sky  while  Xi-.kxes  was  at  Sar- 
dis.  in  the  spring,  which  has  been  thought  to  have  been 
caused  by  an  eclipse  of  the  sun.  But  as  no  such  eclipse 
occurred  in  the  spring  of  B.C.  480,  modern  writers  have  sup- 
posed that  the  appearance  was  meteorological.  Mr.  Sto<  k- 
wkli.,  however,  contends  that  the  invasion  took  place  a  year 
earlier  than  the  accepted  date,  and  that  the  phenomenon  in 
question  was  the  eclipse  of  April  19  in  B.C. 481.  Accord- 
ing, however,  to  the  calculations  of  this  eclipse  by  the  late 
Dr.  von  Oppolzer,  of  Vienna,  and  others,  its  magnitude  in 
Asia  Minor  was  very  small:  and  Mr.  Stockwki.i.'s  own 
investigations  do  'out  confirm  this,  making  the  obscuration 
of  the  sun  at  Sardis  amount  to  less  than  a  tenth  of  his 
diameter.  There  is  no  reason  to  suppose  that  such  an 
eclipse  would  have  been  even  noticed  in  those  times  ;  but  the 


statement  of  Herodotus  that  the  day  was  turned  into  night 
would  require  a  total  eclipse  for  the  darkness  to  lie  caused 
in  that  way.  Nor  can  I  accept  Prof.  Rawi.ixson's  view, 
that  the  historian  ■•  may,  perhaps,  have  understood  of  llie 
setting  forth  from  Sardis  what  was  told  him  of  the  departure 
from  Susa  in  the  spring  of  the  preceding  year."  For,  even 
at  Susa.  the  magnitude  of  the  eclipse  was  small,  though 
much  larger  than  at  Sardis.  It  seems  to  me,  therefore,  that 
the  old  suggestion  is  right,  and  that  the  sudden  disappear- 
ance of  the  sun,  as  reported  to  Herodotus,  was  caused  by 
some  atmospheric  phenomenon. 

But  my  main  purpose  in  this  communication  is  to  call 
attention  to  an  eclipse  which  occurred  seventy-six  years 
later,  and  is  mentioned  by  Xenophon  in  the  secoud  book  of 
his  Hellenics.  It  took  place  in  the  year  in  which  Athens  was 
taken  by  Lysander  in  the  spring,  and  the  thirty  tyrants 
commenced  their  rule  in  the  autumn.  The  Attic  year  began 
in  June,  at  the  time  of  the  Olympic  festival,  and  Xknophon 
tells  us  that  one  was  held  in  the  summer  of  the1  year  in 
question,  which  was  also  noted  by  an  eclipse  of  the  sun. 
Now.  an  annular  eclipse  (visible  in  Greece  about  11  o'clock 
in  the  morning)  did  take  place  on  the  third  of  September, 
in  the  year  B.C.  104,  and  there  appears  no  reason  to  doubt 
that  this  is  the  one  alluded  to  by  XENOPHON.  Since,  there- 
fore, an  Olympic  festival  was  held  in  that  year,  it  followed 
by  one  a  year  corresponding  to  a  bissextile  year,  which 
would  have  fallen  ill  B.C.  105.  Seventy-Sis  years  before 
the  latter.  B.C.  181,  would  also  have  been  a  bissextile  year  ; 
and  in  the  year  after  that,  B.C.  480,  took  place,  as  I  believe, 
the  invasion  of  Greece  by  Xerxes,  and  the  famous  battles 
of  Thermopylae  and  Salamis. 


Blackheath,  Loudon,  8.E.,  England,  1893  Feb.  14. 
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CONCERNING 


THE   ORBIT  OF   COMETH]  IS!)2,    AND   OX  THE  FLUCTUATIONS 
IN   BRIGHTNESS   OF   THAT   COMET, 


By  LEW 
Considering  the  past  behavior  of  this  comet  it  may  be 
thoughl  desh :iUi'  to  keep  a  watch  upon  i t >  place  I'm'  some 
t i mo  to  come.  In  order  to  facilitate  this  purpose,  1  present 
herewith  the  iv>nli>.  of  :i  new  calculation  of  it»  elements. 
These  are  based  upon  normal  places  derived  from  observa- 
tions of  Nov.  8  to  Nov.  1.*)  inclusive,  81  observations;  Dec. 
9  to  Dec.  16, 16  obsei  vations  ;  Jan.  1  ('.  to  .Ian.  21,  20  obser- 
vations. Observations  outside  these  limit:-  were  also  taken 
in  evidence.  For  the  prompt  communication  of  recent  obser- 
vations in  advance  of  publication  I  am  indebted  to  Prof. 
Barnard,  to  Prof.  Stone  and  Mi.  Lovett,  ami  to  Prof.  Wil- 
son. In  making  up  the  first  normal  place  1  find  some 
improvement  in  the  results  of  comparison  with  my  former 
elements,  exhibited  in  the  Journal, no.  283.  Prof.  Barnaul's 
result  for  8  on  Nov.  10  is  corrected  in  A.  J.,  no.  286,  so  that 
the  residual  — 29".  1  in  the  published  comparison  (A.J.  283) 
becomes  — 3". 2;  in  like  manner  J8  for  the  Lyons  observa- 
tion of  Nov.  15  becomes  +  0".5  instead  of  +15". 4  (for  cor- 
rection, see  A.X.  3159,  p.  308).  My  comparisons  (A.J.  283, 
p.  150)  for  the  Vienna  observations  of  Nov.  13  were  in  error. 
They  should  read  : 

J"  J8 

Nov.  13     .j'  341'         +  2*29         —23'!  4         H 
6  56  +  0.5S  +   0.8         B 

The  adopted  mean  places  for  the  comet  on  the  respective 

dates  are  these  : 

Corr.  of  former 
Ephemeris 
8  1892.0  Jk  J5 


is  BOSS. 

a  pail  of  the  observations  which  have  been  made  since  the 
Outbreak  in  January.  Having  been  obtained  by  differential 
processes  they  are  not  in  all  cases  strictly  rigorous,  though 
the  errors  should  not  be  material  in  any  case.  The  obser- 
vations which  Mr.  Lovett  (Univ.  of  Va.,  except  Feb.  13) 
transmitted  to  me  are  the  results  of  a  preliminary  reduction. 
It  should  also  be  mentioned  that  1  have  revised  the  star- 
positions  in  some  instances,  and  particularly  for  observations 
based  upon  Pi.  56  =  D'A.  272,3.  For  this  star  I  compute 
proper  motions  of  +  0". 018  and  +0".  11,  and  adopt  the  po- 
sition for  1893.0:'  a  =  1"  17ln  33s. 44  ;  8  =  +33°  40'  58".6. 
Comparison  with  Observation  (0 — C). 


1892.0 


Greenw.  M.T.  a  1892.0 

■  *  -  ■*  h       m       s 

1892NOV.12.0     0  44  36.22  +38    3  26.6  +0.30  —0.9 

Dec.  14.5     0  48  50.16  +34  54  29.8  +0.46  —5.3 
u  1893.0                8  1893.0 

1893  Jan.  18.5     124  34.31  +33  38  54.5  +2.03  —13.0 

The  elements  which  follow  represent  these  positions  with 
errors  not  exceeding  0".l  in  any  case. 

Epoch  1892  Dee.  14.5  Gr.  M.T. 
M  =     26°  18  27^6 
n  =  345  53  28.8) 
oo  =     14    12   14. 9( 
Q,  =  331   41    14.0 
i   =     20  47   16.5) 
<p  =     24   11   52.4 
fi  =  513". 9093 
log«  =  0.5594134 

~~T  —  1892  June  13.21138 
log  q  =  0.3303468 
Period  2521.85  days. 

The  next  perihelion  passage  is  therefore  due  about  May 
10,  1899,  and  under  rather  less  favorable  relations  than 
those  which  theoretically  existed  for  the  opposition  recently 

passed. 

The  following  table  represents  the  amounts  by  which  an 
ephemeris  computed    from   these   elements  is   corrected  by 


Place 

Date 

Ju 

J8 

Strassburg, 

Jan. 

16.4 

— (h03 

— 

0.5 

Northtield. 

16.6 

—0.34 

+ 

a.  <* 

Mt.  Hamilton, 

16.7 

+  0.19 

[- 

10.1] 

Kiel, 

.Ian. 

17.2 

—0.05 

— 

0.1 

Strassburg, 

17.;; 

—0.04 

— 

0.1 

Hamburg, 

17.4 

0.00 

— 

1.9 

I'niv.  of  Va.. 

17.5 

+  0.40 

+ 

0.6 

Mt.  Hamilton, 

17.6 

—0.06 

0.0 

Hamburg, 

-Tan 

18.2 

—0.04 

— 

1.7 

Kiel, 

18.2 

+  0.08 

— 

1.2 

Strassburg, 

18.3 

+  0.06 

+ 

0.2 

Northtield, 

18.6 

—0.01 

+ 

0.3 

Mt.  Hamilton, 

18.6 

—0.14 

+ 

o.s 

Northfield, 

18.6 

—0.13 

— 

0.5 

Strassburg, 

Jau 

19.3 

+  0.02 

+ 

0.6 

Geneva, 

19.3 

+  0.01 

+ 

1.0 

Univ. of  Va., 

19.5 

+  0.04 

+ 

2.5 

Albany, 

19.6 

—0.09 

— 

1.2 

Geneva, 

Jan. 

20.2 

+  0.07 

— 

1.2 

Albany, 

Jan. 

21.5 

+  0.07 

+ 

0.5 

Univ.  of  Va., 

Jan. 

25.5 

+  0.13 

— 

5.7 

Univ.  of  Va., 

Jan. 

26.5 

0.00 

— 

5.7 

Univ.  of  Va., 

Jan. 

27.5 

-0.10 

+ 

0.5 

Univ.  of  Va., 

Feb 

13.6 

+  0.50 

— 

2.7 

♦Large  JS  for  (#— *) 
Taking  into  account  the  apparent  precision  of  these  obser- 
vations, together  with  the  satisfactory  representation  of  the 
totality  of  observations  since  discovery,  it  becomes  quite  evi- 
dent that  there  has  beeu  no  very  great  displacement  of  the 
nucleus  during  the  recent  outburst.  A  total  angular  dis- 
placement of  10",  at  right  angles  to  the  line  of  vision  would 
have  implied  an  actual  displacement  of  little  more  than 
10  000  miles.  To  have  produced  this  displacement  within 
five  days' would  have  required  an  alteration  of  less  than  one- 
fourth  of  one  per  cent.  (0.0025)  in  the  orbital  velocity  of 
the  comet,  which  at  the  time  of  the  outburst  in  January  was 
moving  very  nearly  at  right  angles  to  our  visual  line.  It  is 
difficult  to  suppose  that  a  collision,  of  sufficient  violence  to 
have  produced  the  great  increase  of  brightness  which  was 
observed,  would  not  have  produced  a  displacement  of  the 
nucleus  that  would  have  been  easily  measurable. 


N°-  292. 


THE     ASTRONOMICAL     JOURNAL, 


31 


A  similar  argument  might  apply  in  some  degree  against 
the  assumption  of  an  explosion,  not  absolutely  symmetrical, 
mi  a  scale  sufficient  to  disrupt  a  nucleus  composed  of  solid 
matter,  and  to  drive  the  fragments  violently  apart.  Per- 
haps, in  making  such  an  assumption,  one  might  suppose  an 
explosion  of  comparatively  little  violence  with  the  scattering 
of  a  cloud  of  dust,  or  the  release  of  imprisoned  gases.  Both 
in  the  days  following  the  outburst  in  January  and  after  dis- 
covery, Nov.  6  (previous  to  which  it  is  probable  that  an  out- 
burst had  occurred),  the  nebulous  envelope  of  the  comet 
was  observed  to  be  in  a  state  of  rapid  apparent  expansion. 
Supposing  this  to  have  been  due  to  projectile  velocities, 
mechanically  imparted  to  particles  of  dust,  would  imply  a 
violent  initial  shock  ;  in  which  case  a  little  reflection  would 
show  that  it  would  be  necessary  to  suppose  that  the  disrup- 
tive energy  must  have  acted  with  remarkable  and.  perhaps, 
incredible  symmetry  in  every  direction.  If  it  is  considered 
that  the  increase  of  brightness  may  have  been  due  to  the 
ignition  and  incandescence  of  uprushing  gases,  the  spectro- 
scope should  have  made  us  aware  of  that  fact.  Yet  it  is 
notable  that  the  spectrum  of  this  comet  has  not  shown  even 
the  usual  cometary  bands,  much  less  the  bright  lines  of  in- 
candescent gases. 

On  the  other  hand,  it  is  not  necesssary  to  suppose  that 
dust  particles  were  driven  oft'  from  the  nucleus  by  ordinary 
mechanical  agencies  alone,  nor  that  uprushing  gases  would 
need  to  become  incandescent  in  order  to  be  visible.  The 
objection  to  what  might  be  termed  the  eruptive  hypothesis 
lies  in  the  difficulty  of  accounting  for  the  occurrence  of  an 
eruption  at  times  when  we  must  suppose  that  the  tempera- 
ture of  the  comet  had  been  decreasing  for  a  long  period. 
Then,  too,  the  difficulty  of  accounting  for  two  successive 
eruptions  of  nearly  equal  magnitude  must  be  considered  as 
vastly  greater  than  that  of  accounting  for  only  one  —  if 
not,  indeed,  as  insuperable.  Therefore,  while  the  eruptive 
hypothesis  may  be  considered  not  to  be  entirely  outside  the 
pale  of  permissible  speculation,  the  admission  of  it  seems  to 
be  beset  with  difficulties  which  make  some  other  plausible 
explanation  worthy  of  attention. 

That  the  brightness  of  comets  may  be  due  in  part  to  elec- 
trical action,  of  a  nature  similar  to  that  which  produces  the 
terrestrial  aurora,  seems  to  me  to  be  a  hypothesis  that  offers 
fewer  objections  than  any  other  which  has  been  proposed. 
It  has  appeared  to  me  extremely  probable  that  the  corona  of 
the  sun  is  also  of  a  nature  analogous  to  that  of  our  aurora. 
For  the  existence  of  auroral  manifestations  near  a  celestial 
body,  it  may  be  assumed  that  surrounding  space  filled  with 
matter  in  a  finely  divided  state  and  of  extreme  tenuity  is  most 
favorable.  The  upper  regions  of  the  earth's  atmosphere,  in 
which  the  aurora  is  formed,  are  undoubtedly  of  this  nature. 
Much  evidence  exists  to  prove  that  the  matter  which  tills  the 
coronal  regions  about  the  sun  is  also  of  this  description.  The 
evidence  to  this  effect  is  still  more  conclusive  as  to  the  physi- 
cal constitution  of   the   envelopes  ami  tails  of  comets. 


That  there  is  an  electro-magnetic  action  between  the  sun 
and  the  earth  may  be  regarded  as  an  established  fact,  which 
is  evidenced  by  tie'  synchronism  of  the  periods  of  solar  dis- 
turbance with  those  of  auroral  displays  and  of  the  elements 
of  terrestrial  magnetism,  —  with  special  and  much  more 
striking  coincidences  of  this  kind  on  occasions  of  unusually 
intense  disturbances.  It  is  entirely  natural  and  reasonable 
to  suppose  that  this  form  of  inter-cosmical  action  also  ob- 
tains between  the  sun  and  other  bodies  of  the  solar  system. 
Considering  the  enormous  extent  of  the  nebulous  surround- 
ings of  comets,  together  with  other  facts  concerning  their 
physical  constitution  and  the  variation  of  their  distances 
from  the  sun  with  probable  coincident  variation  in  tempera- 
ture, it  seems  not  unreasonable  to  suppose  thai  tin- action 
of  electro-magnetic  energy  from  the  sun  upon  these  bodies 
may  be  far  more  intense  and  persistent  than  is  the  cast,  with 
other  bodies  of  the  solar  system. 

The  development  of  cometary  tails  may  be  completely  ex- 
plained through  the  agency  of  a  supposed  form  of  en 
acting  from  the  sun  in  a  sense  contrary  to  thai  of  gravita- 
tion. It  is  physically  possible  that  this  energy  may  be 
synonymous  with  electrical  repulsion  due  to  similar  electrifi- 
cations. The  electrical-repulsion  hypothesis  to  account  for 
the  development  of  the  tails  of  comets  was  suggested  by 
Olbers,  and  has  found  favor  with  many  special  students  of 
this  subject.  There  is  a  mass  of  carefully  collected  mathe- 
matical and  physical  evidence  in  support  of  this  view,  which 
has  already  been  placed  on  record  in  the  works  of  Z6li.N1  ft, 
Bredichin  and  others:  and  no  objections,  or  counter- 
evidence,  of  weight  have  been  presented. 

According  to  the  electrical-repulsion  hypothesis  the  mole- 
cules of  matter  composing  the  nebulous  envelope  are  repelled 
not  only  by  the  sun.  bat  also  by  the  nucleus  of  the  comet. 
This  action  of  the  nucleus  was  taken  into  account  by  Bessi  i 
in  his  classical  paper  upon  the  tail  of  Hali.ey's  comet,  and 
is  a  necessary  factor  in  all  refined  investigations  of  this 
kind.  In  case  of  any  unusual  electrical  disturbance  in  a 
comet,  the  first  effect  would  be  tin-  repulsion  by  the  nucleus 
of  the  matter  composing  the  coma,  and  the  latter  would  ex- 
pand on  all  sides.  This  expansion  would  take  place  quite 
symmetrically,  until  the  molecules  acted  upon  reach  a  dis- 
tance from  the  nucleus  where  the  repulsive  action  i<(  the  sun 
becomes  proportionally  large  in  comparisdn  with  that  of  the 
nucleus.  Then  the  molecules  would  be  driven  bach  to  form 
the  tail.  This  seems  to  be  precisely  what  took  place  with 
the  comet  of  Holmes  subsequent  to  discovery,  and  the  mat- 
ter, fresh  in  mind,  does  not  appear  to  call  for  a  detailed  ex- 
position at  the  present  time.  Furthermore,  the  more  intense 
the  initial  electrical  distui  bailee  in  the  central  parts  of  the 
comet,  the  greater  would  be  the  expansion  of  the  coma  be- 
fore the  peculiar  action  of  tail-formation  would  becomi 
strikingly  manifest;  and  a  mathematical  development  of 
the  resultant  energies  brought  into  action  will  show  that. 
under  tin'  circumstances  described,  the  tail  would  be  ex- 


32 


THE     ASTRONOMICAL     .lolJUNAL. 


N°-  292. 


treinely  broad  and  diffused  in  comparison  with  the  tails  of 
other  comets  produced  under  Irs,  sudden  and  violeul  electri- 
cal excitation  in  the  nucleus. 

Every  one  who  has  had  much  experience  in  the  observa- 
tion of  counts  must  have  been  impressed  with  the  belief 
that  after  makiug  all  due  allowances  for  the  varying  trans- 
parency of  the  atmosphere  on  different  occasions,  the  bright- 
ness of  telescopic  comets  docs  materially  vary  without  strict 
reference  to  the  relations  of  distance,  and  by  no  means  with 
regularity.  The  variations  in  brightness  of  the  periodic 
comets,  at  their  successive  returns  to  perihelion,  seem  to  be 
largely  independent  of  theoretical  relations  depending  upon 
their  relative  distances  from  the  sun  and  earth.  There  have 
been  notable  instances  of  abnormal  temporary  variation  in 
brightness  of  comets,  such  as  that  of  the  relative  brightness 
of  the  two  fragments  of  Biela's  comet,  the  outbursts  of 
Comet  1888  I  (Sawiktiiai.).  and  others.  The  hypothesis 
that  a  part  of  the  light  of  comets  comes  from  electrical  ex- 
citation in  the  nebulous  envelopes,  seems  to  afford  the  readi- 
est and  most  reasonable  explanation  for  these  variations  of 
brightness, — the  only  apparent  drawback  being  thai  the 
adoption  of  this  hypothesis  might  call  for  a  reason  why  the 
abnormal  variations  in  the  brightness  of  comets  are  not  more 
frequent  and  decided.  In  all  probability  the  visibility  of 
comets  is  largely,  if  not  chiefly,  due  to  reflected  sunlight, 
which  would  give  a  constant  element  of  brightness  that 
would  serve  to  render  the  abnormal  changes  less  striking. 

The  presence  of  bright  bands  in  the  spectra  of  comets  im- 
plies incandescence  of  the  matter  composing  them.  Con- 
sidering the  tenuity  of  the  nebulous  envelopes  of  comets,  in 
connection  with  their  volume  and  the  minuteness  of  the 
nuclei,  and  taking  into  account  the  probable  low  tempera- 
ture of  space,  it  is  quite  certain  that  this  incandescence  is 
not  due  to  heat  in  its  ordinary  form  (i.e.  from  non-electrical 


sources  of  heat),  and  it  seems  to  be  impossible  to  account 
for  it  otherwise  than  as  a  manifestation  of  some  form  of 
electrical  action.      This,  at  least,  would    seem  to  be  the  case 

with  by  far  the  greatest  number  of  comets,  excepting  only 
the  few  that  approach  the  sun  so  nearly  as  to  be  subjected 
to  a  solar  radiation  sufficient  to  produce  incandescence. 

Finally,  it  may  be  asserted  that  the  physical  appearance 
of  comets  is  not  opposed  to  this  hypothesis  of  auroral  origin 
for  a  part  of  the  light,  but  that,  on  the  contrary,  it  is  quite 
favorable  to  that  hypothesis.  At  the  distances  from  which 
comets  arc  viewed,  the  form  and  pulsations  of  individual 
streamers  should  be  entirely  invisible,  as  would  be.  under 
like  circumstances,  the  details  of  the  terrestrial  aurora.  All 
that  it  would  be  necessary  to  assume  is  that  this  auroral 
action  is  more  uniform  in  the  surroundings  of  comets  than 
in  those  of  the  earth. 

Whatever  may  be  the  cause  of  the  fluctuations  in  the 
brightness  of  tiie  comet  of  Hoi.mks  it  may  be  considered 
desirable  to  keep  a  watch  upon  its  place  for  some  time  after 
it  shall  have  become  too  faint  (perhaps  temporarily)  for  ob- 
servation. To  aid  in  maintaining  such  watch  the  subjoined 
Ephemeris  has  been  prepared  by  my  assistants.  Messrs.  Lay 
and  Benton,  who  have  also  assisted  in  the  computations  for 
the  Elements. 

Ephemeris  for  Greenwich  Midnight. 


1893 

A  pp.  a 

A  pp.  A 

log.  A 

O            1            1/ 

Mar.  22.5 

3     6   16.0 

+  35  44  43 

0.52*69 

26.5 

3   13  31.3 

+  35  55  54 

0.53582 

30.5 

3  20  49.5 

+  36     6  54 

0.54  269 

Apr.     ."'.5 

3  28   10.5 

+  36   17  36 

0.54929 

7.5 

3  35  33.9 

+  36  27  58 

0.55565 

11.5 

3  42  59.5 

+  36  37  55 

0.56174 

1 5 . 5 

3  50  26.7 

+  36  4  7  25 

0.56757 

19.5 

3  57  55.5 

+  36  56  24 

0.57314 

23.5 

4     5  25.4 

+  37     4  51 

0.57846 

COMETS   OF   THE   YEAE   1892. 

The  elates  are  in  Greenwich  Mean  Time,  and  the  Elements  only  approximate. 


1  »eSlg- 

Perihelion 

Q, 

w 

i 

9 

<P 

Discoverer       Date 

Syno- 

nation 

nym 

I 

April    6.67 

210  55 

24*32 

o        / 

38  43 

1.027 

o       ; 

Swift           Mar.     7 

a 

II 

May    11.18 

253  26 

129    19 

89    12 

1.971 

Denning     Mar.  18 

c 

III 

June   13.21 

331   41 

!  1    1  2 

20  4  7 

2.1  Id 

24    12 

Holmes       Nov.     6 

f 

Periodic;   6y.9 

IV 

J.une  30.89 

104     5 

172   6 

1  1   32 

0.886 

46  33 

Spitaler     Mar.  18 

b 

Periodic  of  Winnecke 

V 

Dec.    10.820 

206  39 

170    14 

31    12 

1.429 

35   32 

Barnard     Oct.   12 

e 

Periodic  ;  6V.3 

VI 

Dec.   28.09 

264    28 

252   41 

24    48 

0.976 

Brooks 

Aug.  28 

d 

— 

1893  Jan. 

185  39 

85    14 

143   52 

1.195 

Brooks 

Nov.  19 

9 

The  comet  y  1S92  is  probably  1893  I. 
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ON    THE    CONSTANT    OF   ABERRATION, 

By  S.  C.  (  HANDLER. 
II. 
Peteks's  Vertical-Circle  Observations  oi>  Seven  Stars,  1842-43. 


The  observations  were  taken  from  the  same  sources  as 
those  of  Polaris,  §2.  The  values  of  n  in  Table  II  were 
formed  with  the  following'  values  of  (\'„ :  a  Aurigae,  +  4.">D 
I9'58".52;  i  Ursae  Majoris,  +  48°38'43".54 ;  ISSOGroom- 
bridge,  +38°  49'  49".06  ;  a  Bootis,  4-19°  59'  30". 63'  ;  aL\ 
+  38°38'33".G:!;  aCygni,  +  443  I3'44".08;  61  Cygni,  +37° 
.Mi' 2  I  ".72.  The  following  corrections  were  made  to  the  data 
in  Vol.  V,  Pulk.  Obs..  and  may  be  justified  by  reference  to 
the  reductions  in  Vol.  IV. 


i  I  rrsae  Maj., 

. .       . .  li 

<>.  Lyrcu  . 


1842  Sept.   12 

1843  May    24 
1842Julv      6 


for 


42.94 
12.99 

:;;;.xs; 


read 


13.94 
13.99 

:;2.ns 


Also,  an  observation  of  a  Aurigae,  1842  May  22,  given  by 
Pi  rERS  in  his  Recherches,  is  omitted  in  the  Pulkowa  volumes, 
for  some  reason  hot  apparent. 

It  is  manifest  that  the  interval  comprised  by  the  obser- 
vntions  is  insufficient  to  give  the  constants  of  both  terms  of 
the  latitude-variation.  The  process  adopted,  therefore,  was 
to  apply  to  the    n  s  of  Table  II  the  periodical  variation  found 


for  Polaris,  eq. (39;  ;  and,  with  these  corrected  values,   to 

solve  according  to  (35),  omitting  the  terms  in   y  and  ;..  i.<  ., 

X+  Fsin0  +  ZcosO  =  n  (40) 

then,  writing  dr,  and  d£  for  /,  and  1'  in  (37),  to  solve  for 
those' quantities  and  u.  Thus  we  have  first,  by  the  forma- 
tion and  solution  of  the  equations  for  the  several  stars, 
according  to  (40) :  — 

X 


a  An  I- 

i  Ursae  Mi  1 1 . . 

Or.  1830, 

uBootis, 

a  Lyrae, 

a  Cygni, 

61  Cygni, 


-t-O.oin: 

—  .0714 
t-  .2482 
+  .0134 
+    .0257 

—  .0141 
+0.1482 


Y 

+  O.0808 
+  .2034 
+  .0184 

+  .Olio 
—  .0240 
+  .0919 
—0.1(174 


13.3 

1  1.4 
8.6 
29.3 
18.5 
19.8 
10.6 


The    substitution    of    A'.    Faud  Z.    in 
equations  gives  the  column  /•  in  Table  II. 

By  (27),  (37)  and  (38), 


—o.l2'.o; 
+    .0596 

—  .24.".:; 

—  .112s 

+    .0592 

—  .0084 
+  0.2498 


20.8 

16.1 

3.2 

31.9 

2:1.."! 
55.0 

2.",.  7 


the    observation- 


it  Aurigae, 
1  I  rrsae  Maj. 
Grv.  1830, 

«  /{unit's, 

«  Lyrat  . 
1  'ygni, 
61  Cygni, 


+  0.1704*//, 

—  .5032 

—  .6257 
-  .2898 

.0858 
.442:) 


+ 

+ 


0.3617< 
.2481 

.2696 
.5409 
.8784 
.7843 


+  0.1599  a 

+  .3147 
+  .4643 
.3766 
.y790 
.8114 


+ 
+ 
+ 


+  0.0607 

—  .1171 
-  .077(5 

—  .0651 
+  .0499 
+    .0341 


+  0.4347        +0.7132        +0.6976 


+  0.10.".  I 


1  18.2 
38.5 
I  1.7 
83.1 
37.7 
47.4 
25.5 


which  give  the  normal  equations, 

+  40.304(0-/  +     9.201m/:  +H.053«  =  +  t''.s  1 ;, 

+    9.206        +114.421)        +77.570  =   +0.124 

+  11.053        +    77.570       +88.273  =   +1.811 

and  the  values  of  the  unknowns. 

drt •-   +0".1946     ,     df  =  —  0".0296     ,     u  =  +0".0222 


Consequently  the  definitive  value  of  the  aberration- 
constant  from  this  series  is, 

20\467 

Adding  dit  and  d%  to  the  jj  and  f  got  from  Pol, iris,  we 
have,  by  (30),  G'  —  312°. 8,  and  r2  =  0".215.  Substituting 
(//,  and  a*J  for  j,  and  J  in  (36),  we  have  the  aberrations  for 
the  several  stars,  and  their  parallaxes,  in  column  I. 
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I 

II 

Peters 

w 

Aberr. 

Tt 

Aberr. 

7T 

Aberr. 

TT 

«  Aurigae, 

0.16 

20.550 

(—0.364) 

20.532 

(—0.2!)!) 

20.928 

(+0.046) 

i  Urn.  Maj., 

.31 

.361 

—  .136 

.401 

—   .158 

.150 

+  .i;;:; 

Gr.  1830 

.46 

.557 

+    .393 

.610 

+   .325 

- 

+    .226 

a  Bootis 

.38 

.464 

+   .323 

.435 

+    .301 

.22  7 

+    .127 

a  L'irae 

.78 

.521 

+    .256 

.539 

+    .285 

.465 

+    .103 

i'.  Cygni 

.81 

.409 

+    .111 

.434 

+    .128 

.428 

—  .(is  2 

61  ( 'ygni 

0.70 

20.505 

+  0.5-14 

20.525 

+  0.585 

20.553 

+  0.349 

In  column  II  are  placed  the  results  which  I  have  simi- 
larly and  independently  derived  from  a  computation  based 
on  the  values  of  it  given  by  Peters,  pp.  108-1 19  of  his 
memoir,  after  applying  the  ulterior  corrections  for  flexure, 
thermometric  refraction-coefficient  and  proper  motion.  For 
the  last  1  have  used  Gould's  value  for  1880  Groombridge 
(Gould's  D'Agelet,  p.  31),  and  Boss's  for  the  other  stars. 
Under  the  heading  Peters  are  given  the  results  of  his  dis- 
cussion.    Their  comparison   with  those  of  the  present  one 


shows  how  greatly  the  divergences  in  the  aberrations  are 
reduced  by  the  elimination  of  the  latitude-variation.  As  to 
the  parallaxes,  the  value  tor  a, Aurigae  is  of  no  significance 
whatever,  for  the  reasons  stated  by  Peters.  Indeed,  only 
those  of  the  hist  three  stars  are  entitled  to  any  confidence. 
The  result  for  61  Cygni  is  especially  satisfactory  ;  Pkters's 
value  of  0".349  being  now  brought  up  to  0".544,  thus  per- 
fectly in  line  with  the  most  trustworthy  micrometric  determi- 
nations ;  Struve,  0".511,  and  Auwers,  0".564. 


Table  II.     Peters's  Vertical-Circle  Observations  of  Seven  Stars,    1842-43. 


a  Aurigae. 


t. 


Mar. 
Apr. 

Mav 


19 
8 
4 

18 
29 

June  21 
Aug.  3 
13 
23 
25 
17 


7      +0.06     +0.19 


Oct 
Nov 

Dec. 

1843 

Feb.     5 

20 
Mar.     5 

18 
[www],  [iouv]     3.45 

i  Ursae  Major 


+ 

.50 

— 

.20 

— 

.28 

— 

.09 

+ 

.08 

+ 

.12 

+ 

.39 

+ 

.10 

— 

.14 

+  0.32 

— 0 

.28 

— 

.39 

— 

.26 

— 0 

.31 

+ 


+ 


+ 


1S4L- 

Mar.  21 

May     2 

14 

27 

June    6 

Sept.  11 

22 

Nov.  17 

1843 

Feb.  6 
22 

Mar.  7 
17 

Apr.  27 

Mav  24 


—0.27 

—  .01 

—  .10 
+  .20 
+  .17 
+    .08 

—  .19 
—0.63 


.61 

.11 
.26 
.04 

00 
.07 
.19 
-  .06 

—  .20 
+  0.34 

-0.13 

—  .23 

—  .10 
—0.16 

2.38 


—0.22 
—  .06 


+ 

+ 


.16 
.12 

.us 

-    .14 

—   .10 

—0.39 


[w>m],  [ioiw] 


1842 

Mar.  22     4     —0.04 
Apr.     6     4     —0.25 


+  0.10 

+  0.30 

00 

+    .15 

—   .09 

+    .02 

—  .27 

—  .19 

+    .24 

+    .17 

—0.22 

—0.36 

1.49 

1.15 

ridge  1830 

Groombridge  1830.  —  Cont. 

t  w             n                v 

1842  '/ 

Apr.  14  5  +0.09 

24  3  —   .09 

Mav     2  3  —  .16 

10  3  +    .20 

Nov.  17  1  +    .50 

Dec.     7  1         0.00 

1843 

Jan.   19  1  +0.12 

Feb.     4  3  +    .09 

Mar.  12  2  -   .22 

21  7  +    .08 

Apr.     2  3  —  .08 

20  3  +    .08 

28  5  +0.02 


a  Bootis. 


0.00 
—0.21 


1S4^ 

Apr.  27 

Mav     7 

14 

25 

June    2 

10 

22 

Aug.    6 

14 

21 

Sept.    5 

15 

Oct.   21 

Nov.  16 

Dec.     6 

1843 

Feb.  4 
22 

Mar.  7 
19 


+  0.12 

—  .09 

—  .18 
+  .16 
+  .09 
—0.26 

+  0.03 
+    .06 

—  .16 
+    .13 

—  .05 
+  .08 
—0.01 


[wnn],  [wot]     0.99         0.73 


-0.02      +0.11 


+   .12 

+    .23 

—  .36 

—   .26 

—  .10 

—   .02 

—  .34 

—   .28 

—   .18 

—   .14 

—   .11 

—    .10 

+    .27 

+    .16 

+    .21 

+    .09 

-4-    .55 

+    .42 

+    .17 

+    .02 

+    .20 

+    .04 

—  .16 

—   .31 

—  .12 

—  .22 

—0.14 

—0.18 

II 

II 

+  0.11 

+  0.22 

+   .28 

+    .42 

—   .54 

—   .38 

+  0.02 

+  0.17 

a  Bootis.  —  Cont 

a  Cygn 

'.—Cont 

t 

10 

H 

V 

t 

w 

n 

V 

1843 

It 

a 

1S4-J 

a 

it 

Mav     2 

3 

+  0.16 

+  0.25 

July  27 

3 

+  0.13 

+  0.08 

24 

6 

—  .37 

—   .34 

Aug.    3 

4 

—  .05 

—   .11 

June    3 

4 

+    .16 

+    .17 

8 

4 

+    .03 

—  .03 

14 

5 

—  .11 

—   .14 

13 

5 

+   .14 

+    .08 

22 

3 

+  0.52 

+  0.46 

20 

5 

+    .06 

.00 

Sept.  27 

3 

—  .04 

—  .07 

[«mn],  [ 

WVl 

]    5.56 

4.68 

Oct.    10 

4 

.00 

—  .01 

15 

3 

—    .12 

—   .12 

a  Lyme. 

24 

3 

+    .25 

+    .26 

1842 

Apr.    8 

3 

+  0.38 

+  0.37 

Nov.  18 

1843 

3 

—0.10 

—0.05 

17 

n 
O 

+    .08 

+    .08 

Feb.  12 

2 

—0.23 

—0.11 

June    6 

4 

—  .05 

—  .01 

Mar.  30 

3 

+    .08 

+    .13 

22 

4 

—   .28 

—  .23 

Apr.   17 

5 

+    .01 

+   .03 

July     6 

5 

+    .11 

+    .15 

26 

6 

—  .04 

—  .03 

22 

4 

—  .20 

—   .16 

May  22 

2 

+  0.19 

+  0.14 

Sept.  11 

5 

—  .03 

—  .03 

19 

5 

+    .14 

+    .14 

[toun],  [ 

tow 

]     1.76 

1.54 

Oct.    12 

7 

+    .01 

—   .01 

27 

1 

+    .06 

+    .02 

61 

Cygni. 

Dec.   19 

4 

+  0.04 

—0.02 

184° 

a 

'/ 

1843 

Mar.     4 

2 

—0.44 

—  0.48 

Apr.  20 

2 

+  0.55 

+  0.34 

20 

•j 

+    .15 

+    .12 

25 

4 

+    .24 

+    .06 

29 

4 

—0.02 

—0.05 

Mav   10 

3 

+    .OS 

—   .03 

Julv     4 

3 

—  .24 

—  .14 

[wnn],  [ 

wvv]      1.54 

1.46 

10 

2 

—   .18 

—  .06 

\ 

2  1 

4 

—   .20 

—  .06 

« 

Cygni. 

Aug.    2 

2 

—   .32 

—   .18 

1842 

" 

w 

10 

8 

+    .05 

+    .19 

Mar.  17 

3 

+  0.13 

+  0.20 

19 

5 

—  .08 

+    .05 

Apr.     1 

4 

—   .32 

—   .26 

27 

3 

—  .13 

.00 

1  1 

4 

.  _  i 

—   .21 

Oct.    10 

4 

—  .29 

—  .30 

18 

4 

+    .15 

+    .21 

19 

4 

+    .32 

+    .27 

28 
May     4 

4 
2 

—  .07 

—  .02 

—  .03 

—  .01 

Nov.  18 

1S43 

9 

—  .06 

—  .25 

11 

4 

+    .17 

+    .18 

Apr.  25 

7 

+    .26 

+    .05 

June  24 

2 

—   .08 

—   .11 

May  22 

2 

—0.51 

—0.61 

Julv     4 

3 

—   .15 

—   .20 

10 

2 

+  0.14 

+  0.08 

[wnn~\, 

"wot]    3.31 

2.26 
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§4.     Gtlden's  Vertical-Circle  Observations  of  Polaris,   1863-70. 


These  observations  were  used  as  they  appear  in  Ntren's 
memoir  on  the  Latitude  of  Pulkowa,  and  were  treated  in  a 
precisely  similar  way  to  those  of  Peters,  §2  ;  namely.  bv 
forming  simultaneous  means  for  the  two  culminations.  In 
doing  this  a  few  observations  had  to  be  excluded  for  want 
of  corresponding  observations  at  the  other  culmination,  re- 
ducing the  weights  from  129  to  119  for  LT.C,  and  from  109 
tf>  104  for  L.C.  Table  III  gives  the  values  of  n,  and  n, 
by  eq.(Sl).  Using  the  assumed  values,  6  =  0°.843, 
2"0  =  2  402  811,  forty-eight  equations  were  formed  ac- 
cording to  (32),  resulting  in  the  normal  equation-. 

+  195.00a!  +11. 68y+  29.17z  +21.417+     8.25£=    -8.44 


+    11.68     +86.69    —     6.31 
+   29.17    —  0.31     +108.08 
+    26.41      +12.77     +      4.62 
+      3.25    —30.-13     +    31.85 
the  solution  of  which  gives, 
x  —  —0.0232 
y  =  —11.1300 
z  =  —0.1962 
i;  =   +0.1373 
:  =  —0.0941 


+  12.77  —  30.43  =  —  5.6s 
+   4.62    +   31.85  =—23.43 


+  66.21    +   41.60  =  + 
+  41.60   +128.79  =  — 

6.  IT  —  +33°.5 
IT  =  +39d.8 
T\  =  2  402  851 

/-,  =  0".235 
G'  =  304  .1 

v.,  =  0".  166 


2. no 
-  78 


whence  by  (24) . 

v  =  59°46'18".647— 0".235cos(f— 1866  Sept.  6)  X0°.843 

(41)  —  0"166  cos(0— 304°.4) 

Ntren's  value  from  these  observations  was  59°  -10'  18". 65  1 . 

The  substitution  of  the  unknowns  gives  the  residuals 
(O — C)  in  the  column  r,  of  Table  III.  An  exceedingly 
important  feature  of  these  residuals  can  only  be  noted  here 
in  passing.  Near  the  beginning  they  are  in  general  positive, 
but  toward  the  end  they  are  as  generally  negative,  thus  im- 
plying a  slow  decrease  of  the  mean  latitude  during  the 
scries.      When  we  present  Ntren's  series  it  will  be  seen  that 


the  mean  latitude  for  the  earlier  part  of  it  is  practically 
identical  with  that  here  shown  by  the  end  of  Gtlden's. 
This  curious  result  is  entirely  accordant  with  the  indication 
of  a  gradual  diminution  of  the  Pulkowa  latitude  which 
Ntren  remarked,  in  Vol. XIV  of  the  Pulkowa  Observations, 
from  the  discussion  of  the  Pulkowa  declinations  in  general. 
(  ombined  with  similar  indications  found  by  GOULD  in  the 
Cordoba  observations,  and  which  present  themselves  alg 
other  scries,  it  leads  to  the  presumption  of  a  term  of  long 
period  in  the  latitude  spoken  of  near  the  end  of  ji  1 

With  the  values  of  „,  in  Table  III  we  form  equations  of 
condition  according  to  (33),  and  arrive  at  the  normal 
equations. 

+  195. 00(— ,-)    +20.11   r+      3.25£=   +7.n; 
+    26.41  +60.21         +    11.60       =   +1.13 

+     3.25  +41.60       +128.79      =   +4.28 

i  he  solution  of  which  gives. 

-.   =  — 0".0393,      T  =  — 0".0237,      Z  =  +0".0399 
whence,  by  (34).      it  =  —0". 0340     and      a  =  +0".04 
The  definitive  values  are,  then. 

Aberration,  i>0".411  ;     Parallax  of  Polaris,  +0*.046. 

This  aberration  is  a  very  material  reduction  from  Ntren's 
from  the  same  observations,  which  was  20". 4  69.  The  paral- 
lax is  a  notable  increase  of  his  value  of  +0".006. 

As  a  general  rude  control  of  the  computation,  if  we 
rect  Ntren's  values  of  »,  pp.  23-27  of  his  memoir,  for  the 
variation  of  latitude  according  to  (41),  and  repeat  hit  solu- 
tion, we  find,  in  our  present  notation. 
x=  — 0".019,  £  =  — 0".039.  u  =  —  0".031,  n  =  +0".019 

The  aberration-correction  is  here  sensibly  the  same  >- 
given  by  the  above  definitive  solution  ;  but  the  difference  in 
the  parallax  is  unaccountably  lame. 


Table  III.     Gulden's  Vertical-Circle  Observations  of  Polaris,   1863-70. 


t 

w 

«i 

('i 

"j 

v.. 

t 

to 

"i 

"i 

ru2 

B2 

i 

w 

»i 

»i 

n. 

v2 

186S-W 

It 

ff 

<■ 

II 

n 

ff 

tr 

B 

1867-«8-69-r0 

" 

H 

it 

ff 

Nov.   18 

5 

+  .07 

—.03 

+  .03 

—  .01 

Nov. 

6 

3 

+  .14 

—.02 

+  .04 

+  .01 

Oct.    11 

8 

-.21 

—  .04 

+  .06 

-4-.".', 

Dec.     10 

3 

—.04 

.00 

+  .01 

—  .05 

Dec. 

7 

2 

+  .15 

+  .05 

+  .15 

+  .10 

14 

3 

—.39 

—.18 

+  .2H 

+  .19 

26 

2 

—.14 

—.06 

+  .14 

+  .07 

Mar. 

15 

5 

—.12 

—.02 

+  .05 

—.03 

2  7 

4 

—.32 

—.00 

+  .01 

—  .01 

Mai.      7 

3 

—  .15 

+  .14 

—.07 

—.16 

24 

8 

—.03 

+  .09 

+  .11 

+  .03 

Nov.  16 

3 

—.06 

+  .25 

—.16 

—  .20 

19 

4 

—  .18 

+  .12 

+  .02 

—.05 

Apr. 

5 

6 

—.20 

—.07 

+  .1  1 

+  .07 

Mar.   19 

3 

—.24 

— .  2  2 

+  .17 

+  .10 

Apr.  22 

8 

—  .12 

+  .13 

+  .03 

—  .it:; 

14 

5 

—  .21 

—.08 

—.09 

—.16 

Apr.     3 

5 

—.23 

—.28 

+  .14 

•  .i  : 

May    1  1 

5 

—.21 

.00 

—.01 

-.05 

21 

6 

—.16 

—.02 

.00 

—.06 

May    11 

3 

+  .12 

—  .12 

+  .16 

+ .  1 2 

June      7 

o 

0 

—.06 

+  .05 

+  .09 

+  .06 

30 

5 

—.17 

—.04 

—.04 

—  .10 

June  24 

4 

+  .32 

—.02 

—.26 

—  .27 

2  1 

4 

+  .09 

+  .11 

+  .05 

+  .0  1 

May 

10 

4 

—.25 

—.11 

+  .H2 

—.03 

July      1 

1 

+  .70 

+  .35 

—  .08 

—.09 

J  u  1  v      5 

4 

—.10 

—  .08 

+  .02 

+  .01 

Sept . 

22 

5 

—.07 

—  .04 

+  .06 

+  .06 

Oct.      5 

4 

—.28 

+  .06 

+  .06 

12 

3 

+  .12 

+  .11 

+  .05 

+  .o.-, 

Oct. 

•_> 

5 

—.03 

—.01 

+  .01 

.00 

19 

■_> 

—  .19 

—.09 

—.12 

—.13 

Sept.      7 

3 

+  .06 

—  .10 

+  .11 

+  .12 

Sepl 

9 

2 

+  .06 

+  .20 

—  .07 

—.06 

Apr.   22 

4 

—.04 

—  .01 

+  .10 

+  .04 

19 

5 

+  .27 

+  .09 

—.04 

—  .ill 

24 

5 

—.23 

—.07 

—.04 

—.04 

May    15 

3 

—.09 

—  .20 

+  .07 

Oct.     ."- 

5 

+  .31 

+  .12 

—.09 

—.09 

Oct. 

27 

4 

—.33 

—.13 

+  .03 

+  .01 

July      9 

3 

+  .07 

—.28 

+ .  24 

+  .24 

1  1 

3 

+  .41 

+  .23 

+  .07 

+  .06 

Apr. 

26 

2 

+  .4! 

+  .20 

+  .10 

+  .04 

Oct.    26 

■> 

+  .03 

—.04 

+  .10 

J    08 

23 

5 

+  .36 

+  .18 

—.09 

—.11 

May 

16 

■> 

+  .35 

+  .10 

+  .12 

+  .08 

Mar.   29 

6 

.22 

+  .10 

+  .26 

(-.18 

["'»»],  \_wvv\ 

10.13 

3.50 

2.16 

1.71 
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§5.     Nyren's  Vkrtical-Circle  Observations  of  Polaris,   1871-75. 
These  observations  were  taken  from  the  same  source,  and   j      For  the  aberration  we  Bret  take  the  Brst  nineteen  values 
treated  in  the  same  way  a*  those  in  §2  and  §4.     Table  IV   \  of  ns  in  Table  IV,  corresponding  to  the  data  used  by  Nylin 


gives  the  values  o(  »,  and  ?i2  by  eq.(31).  Using  the  same 
values  as  in  §4,  0  =  O°.843,  Z"0=2402811,  thirty-six 
equations  were  found  according  to  (32),  resulting  in  the 
normal  equations, 

+  163. 00a!  —53.05  y—  14.03z  +- 58.80 ij  +40.62f  =  — 28.4  I 

—  53.o;>     -1-90.44 

—  14.03  +  0.41 
+  58.80  — 18.22 
+   40.62    —7;;  96 


+   0.41 

—48.22 

— 73.H6   =  +    4.72 

f  72  53 

4-18.21 

—   8.71    =—   7.67 

4-18.21 

+  75.39 

+  37.97  =  -  8.09 

—  8.71 

+  .-,7. '.'7 

+  87.70  =—  ."..70 

the  solution  of  which  gives 

X  =  —0.1899 
y  =  —0.0741 
2  =  — 0. 1655 
ij  —  +0.06-10 
:  =   —0  0609 


.  IT  =  +24°.  1 
IT  =  +  28«.6 
ZV=  2  405  102 


G'  : 
r» : 


=  0".181 
313°  5 
0".088 


whence  by  (  24  ) 

v  =  7)9°  46'  18". 480  —  0".181    eos(i— 1873Aug.31)X0°.843 
(42)  — 0".088  cos(Q— 313°.o) 

The  substitution  of  the  unknowns  gives  the  residuals 
(O — C)  iu  the  column  r,  of  Table  IV. 

It  is  convenient  to  adjourn  the  discussion  of  the  existence 
of  the  long-term  period  in  the  latitude,  spoken  of  on  page 
178.  until  the  results  of  the  Pulkowa  prime-vertical  obser- 
vations, 1840-1862.  and  1879-1882,  and  other  series  have 
been  presented. 


in  his  discussion.      Forming  equations  of  condition  accord- 
ing to  (33),  we  gel  the  normal  equations, 

+  94.00(— ?)    +  8.077  +20.14Z=   +17.58 
+   8,07  +26.81       +18.87      =   +   3.79 

+  20.11  +1.S.87      +67.24      =   +    6.12 

the  solution  of  which  gives, 

,-  =  — 0".1769,      F=  +0".0764,      Z  =  +0".0166 

whence,  by  (34).      u  =  +  0".0695     and     n  =   +0".0375. 

The  last  seventeen  values  of  n.,  of  Table  IV  give  the  nor- 
mal equations, 

+  69.00(—  ?)    +50.73  T  +20.48  Z  =  +15.34 

+  50.73  +48.58       +19.10       =   +12.43 

+  20.48  +19.10       +20.46      =   +   5.72 

whence, 

f  =  — 0".1451  .      Y  =   +0".(I8I4  ,     Z  =  +0".0583 

consequently.      u  =  +0".0627     and     n  =  +0".0795. 

The  solution  of  all  thirty-six  equations  gives 

u  =  +0".0596     and     n  =   +0".0447 

The  substitution  of  the  above  unknowns,  for  each  set  of 
equations,  gives  the  residuals  (O — C)  in  the  column  ws  of 
Table  IV. 

The  definitive  values  are,  from  the  whole  series. 

Aberration,  20.505 ;    Parallax  of  Polaris,  +0".045. 


Table  IV 

Nyk 

en's  Vertical 

-ClRCL 

e  Observations  of 

Polaris,   1*71-75. 

t 

n- 

»i 

»! 

Ho 

"s 

t 

w 

»] 

»i 

nj 

»2 

t 

10          Hi 

»i 

its 

l>8 

1871-73 

-73 

n 

" 

r 

a 

1873 

II 

n 

a 

" 

ISH--5 

1 

a 

a 

ii 

Nov. 

18 

5 

—.05 

+  .01 

.00 

—.10 

Feb.     2  1 

5 

+  .02 

+  .11 

+  .22 

+  .06 

Mar.    22 

2  —.12 

—.05 

+  .03 

—.18 

Apr. 

5 

o 
6 

.00 

+  .22 

+  .34 

+  .12 

Mar.    16 

5 

.00 

+  .09 

+  .18 

—  .01 

Apr.      7 

2   —.21 

—  .16 

+  .14 

—.09 

2  7 

10 

—.34 

—  .09 

+  .20 

—  .04 

25 

8 

—.21 

—  .11 

+  .13 

—.07 

22 

2  —.08 

—  .05 

.00 

—.23 

May 

11 

5 

—.29 

—  •o2 

+  .30 

+  .06 

31 

4 

— .23 

—  .13 

+  .31 

+  .10 

May    15 

6   +.04 

+  .06 

+  .24 

.00 

29 

4 

—.32 

—  .04 

+  .21 

—.04 

Apr.    12 

3 

—.02 

+  .09 

+  .12 

—  .11 

26 

4    +.05 

+  .07 

+  .30 

+  .06 

Aug. 

15 

2 

—.17 

+  .10 

+  .23 

+  .02 

23 

9 

—.23 

—  .11 

+  .26 

+  .02 

30 

6  —.12 

—.09 

+  .25 

+:oi 

26 

3 

—.09 

+  .16 

+  .13 

—.07 

[ttJIMl],   [ 

rri 

] 

3.80 

0.30 

July      9 

6  —.10 

+  .01 

+  .25 

+  .01 

Sept. 

4 

3 

—.36 

—  .11 

+  .21 

+  .03 

Oct.    22 

5  —.19 

+  .15 

+  .09 

+  .04 

25 

2 

—.11 

+  .12 

+  .16 

.00 

May      8 

■> 

—  .16 

—.04 

+  .26 

+  .02 

May      2 

1  1        .00 

+  .02 

+  .36 

+  .12 

Oct. 

6 

8 

—  .21 

+  .02 

+  .15 

+  .01 

June      1 

3 

—  .15 

.00 

+  .23 

—  .01 

24 

3    +.18 

+  .15 

+  .14 

—  .11 

17 

7 

—  .25 

—.05 

+  .18 

+  .05 

10 

a 

—.31 

—  .14 

+  .24 

.00 

June   24 

4    +.10 

+  .05 

+  .25 

+  .03 

Nov. 

16 

5 

—  .13 

+  .04 

+  .11 

+  .01 

22 

3 

—.30 

—  .11 

+  .19 

—  .03 

July       7 

1    +.09 

+  .05 

+  .13 

—.08 

Jan. 

30 

3 

—  .14 

—  .04 

+  .13 

.00 

July      2 

4 

—.25 

—  .04 

+  .09 

— .  1  2 

[tmin],  [touu]  6.22 

1.34 

4.03 

0.47 

For  convenience,  I  give  a  summary  of  the  results  of  the  Vertical-Circle  observations  of  Polaris,  §§2.  4  and  5.  with 
Nyren's  results  for  comparison. 


Present 
Aberration  Parallax 


Xyiskn's 
Aberration  Parallax 


Peters, 

1842-44 

20.510 

+  0.O55 

C.vlden 

1863-70, 

20.4  11 

+  0.046 

Nvreli. 

1871-73.4, 

20.5  15 

+  0.038 

LI 

1873.4-75.5, 

20.508 

+  0.079 

20.507 

+  O.071 

20.469 

+  0.006 

20.  Pis 

+  0.031 

The  next  discussions  to    be  presented  will    be  those  pertaining    to    the    various    series    of    Pulkowa    prime-vertical 
observations. 
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THE   PARALLAX   OF   p  CYGJSTI, 

By  HAKOLD  JACOBY. 

The  collection  of  plates  deposited  at  Columbia  College  by 
Rctherfurd  contains  fifteen  plates  of  §  Cygni.  Six  of  these 
were  measured  under  Rutherford's  direction,  and  the  re- 
sults are  contained  in  the  sixth  volume  of  the  Annals  of  the 
New  York  Academy  of  Sciences.  These  results  having  indi- 
cated that  0  Cygni  probably  has  a  large  parallax  (see  Astr. 
Jour., no.  287),  it  has  seemed  desirable  to  examine  the  nine 
plates  that  were  not  measured  by  Rdtherftjrd.  Eight  of 
these  are  in  perfectly  good  condition  ;  and  I  have  accord- 
ingly measured  them  on  the  Rdtherfurd  machine,  using  in 
general  the  method  employed  by  Rutherfurd,  except  that 
in  measuring  the  western  impressions,  I  have  recentered  the 
plate  on  the  western  impression  of  §  Cygni.  Each  determi- 
nation of  distance  depends  upon  six  pointings  on  llie  central 
star  (ft  Cygni),  and  six  on  the  comparison-star.  The  plate 
was  always  rotated  180°  in  position-angle  when  three  of  the 
pointings  on  each  star  had  been  made,  the  remaining  point- 
ings being  taken  in  the  reversed  position  of  the  plate.  This 
rotation  through  180°  was  not  made  by  the  aid  of  the  position- 
eircle,  but  the  line  joining  the  star-images  was  always 
independently  adjusted  to  parallelism  with  the  slide  of 
the  microscope  carrier.  Position-angles  were  not  meas- 
ured. 


\'o. 

30 

Mag. 

8.7 

Pos.-Ang. 

o 

96 

Distance 
1342 

11 

8.0 

266 

1291 

\-.  comparison-stars  I  have  used  the  following 


To. 

Mag. 

Pos.-Ang. 

Distance 

12 

9.0 

2  21 

1683 

27 

8.0 

45 

1555 

These  stars  give  good  parallax  factors,  and  they  are  only 
about  an  inch  from  the  center  of  the  plate.  The  separate 
observations  will  he  contributed  to  the  New  York  Academy 
Annals;  the  means  for  each  observation-date  are  given  in 
the  following  table.  The  1875  observations  are  the  Rdther- 
furd measures' :  those  for  1876  are  the  new  measures.  The 
distances  are  given  in  divisions  of  the  scale,  equal  to  28".01. 
They  are  fully  corrected,  and  reduced  to  1876.0  by  means 
of  Auwers's  proper  motion,  which  is  — 0".026  in  R.A.,  and 
— 0".01o  in  6*.  It  will  be  noticed  that  the  distances  are 
smaller  for  the  new  measures  than  for  those  made  by  RuTHER- 
FURD.  This  is  due  to  the  fact  that  the  glass  scale  of  the 
measuring  machine  was  adjusted  by  me  to  a  position  differ- 
ing from  that  used  by  RUTHERFURD.  By  a  remeasureuient 
of  one  of  the  plates  measured  by  RuTHERFURD,  1  have  been 
able  to  satisfy  myself  upon  this  point.  It  is  therefore  evi- 
dent that  the  parallax-determination  cannot  1m-  influenced  in 
the  least,  since  all  the  distances  arc  reduced  to  a  uniform 
scale  by  the  correction  given  in  the  last  column  but  on.-. 
This  collection  is  simply  a  proportional  part  of  the  quantity 
in  the  column  '•  mean  minus  sum."  It  takes  full  account  of 
variations  of  scale-value  due  to  a  varying  distance  of  the 
plate  from  the  lens  in  making  the  exposure,  as  well  as  those 
arising  from  a  varying  adjustment  of  the  scale.  The  amount 
never  exceeds  0.0014  or  0".O4. 


Observational  Data.   Stars   12-27. 


Date 

,No.  of 

Average 

Temp. 

Distance 

Sum  of 

Mean 

I  lift',  of 

i  on  ection 

Corrected 

plates 

Hour-Ang. 

Star  12    |     Star  27 

distances 

minus  sum 

distances 

difference 

1875  July    26 

3 

h        id 

—o  13 

o 

76 

60  0832      55.4944 

115.5776 

—.0309 

4.5888 

—  .0012 

4.5876 

1875  Sept.  20 

3 

+  2     8 

60 

.0565          .5158 

.572;; 

—.0256 

.5  107 

—  .(inlii 

.5. -,97 

1876  May    31 

•> 

—2    17 

do 

.0551          .4562 

.51  13 

+  .0354 

.5990 

+  .0014 

.6004 

1876  June     1 

2 

—3    18 

60 

.0548 

.4587 

.5135 

+  .0332 

.5961 

+  .0013 

. .V.)7I 

1876  Oct.    24 

1 

+  :;    15 

60 

.0348 

.5042 

.5390 

+  .0D77 

.5306 

+  .0003 

.5309 

1876  Nov.     4 

2 

+  2  38 

:>:< 

.0221 

.4  9:;  1 

.  5  1  5  2 

+  .0315 

.52!)') 

-i  .0013 

.5303 

Ado 

pted  mean 

115.5467 

Assu 

med  value 

1  5600 

Observational  Data, 

S,  H.-   30-11. 

Date 

No.  of 
plates 

Average 
Hour-Ang. 

Temp. 

Distance 

Sum  of 
distances 

.Mean 
minus  muii 

Diff.  of    correction 

Con  ected 
diffei 

Star  30 

Star  11 

distances 

1875  July    26 

3 

h       hi 

—0   13 

o 

76 

17.8962 

16*0879 

:<:;.:i.sil 

—.0135 

1,8084 

—  .000.", 

1.8081 

1875  Sept.  20 

3 

+  2     8 

60 

.9264 

.0692 

.9956 

—  .0250 

.8572          .0005 

.8567 

1876  May    31 

■> 

—2  4  7 

60 

.8602 

.0874 

.9  176 

+  .0230 

.7727       +.O0O5 

.7732 

1876  June     1 

2 

—3    13 

60 

.8638 

.0875 

.9513 

+  .0192 

.7763 

+  .000  1 

.7768 

1876  Oct.    21 

2 

+  3  :;i 

60 

.8964 

.0555 

.'.).".  ID 

+  .01*7 

.840!) 

+  .0003 

.  s  I  1  2 

1876  Nov.     4 

2 

+  2  38 

55 

.8964 

.0496 

.9  15'.) 

+  .024  7 

.8468      +.0005 

.8473 

Ad< 

>pted  meal 

93.9706 

A --ii 

med  value 

1.8 
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The  following  obsen  ation-equations  result  from  the  above 
data.  The  quantity  y  is  the  cori'ection  required  by  the  adopt- 
ed assumed  proper-motion  effect;  wis  the  error  of  the  as- 
sumed value  of  the  "  difference  of  distances  ;  "  and  n  is  the 
parallax.  The  weight  is  equal  to  the  number  of  plates  from 
which  the  equation  is  obtained.  The  last  plate  has  receh  ed 
half  weight,  as  the  western  impressions  were  not  good,  and 
could  not  be  measured.  On  another  plate  the  star  12  was 
too  faint  for  accurate  bisectiou.  The  absolute  terms  are 
expressed  in  units  of  the  second  decimal  place,  equivalent 
to  0".2801. 


>BSER\  ATION-EqTJA 

tions,  Stars  1 

2-27. 

1.00  a: 

— 0.1. "7 

— 0.75 n 

+  2.76  =  0 

wt. 

=   3 

1.00 

—0.28 

+0.95 

—2.03  =  0 

=  3 

1.00 

+  0.42 

—1.83 

+  1.04  =  0 

—  2 

1.00 

+0.42 

—1.82 

+  3.74  =  0 

=  2 

1.00 

+  0.82 

+  1.68 

—2.91   =  0 

=  i 

1.00 

+  0.85 

+  1.82 

—2.97  =  0 

=  H 

Solution. 

n  =    +2.043    ±0.138     =   +0".572   ±0".039 

Observation-Equations,  Stars  30-11. 
1.00a;  —0.43.1/  —0.50*  —0.19  =  0      wt.  =  3 


1.00 
1.00 
1.00 
1.00 
1.00 


— 0.2S 
+  0.42 
+  0,42 
+  0.82 
+  0.85 


—  1.83 
+  1.22 
+  1.20 
—1.91 
—1.82 


+  4.67  =  0 

—3.68  =  0 

—3.32  =  0 

+  3.12  =  0 

+  3.73  =  0 


—   •> 
=   H 


Solution. 
n  =   +2.449    ±0.185     =  +0".686    ±0".052. 

The  mean  by  weight  of  the  above  determinations  is: 
Parallax  of  (3  Cygni  =  +0".«1      ±0".03, 
the  two  values  agreeing  as  well  as  might  be  expected  from 
their  probable  errors.     The  discordance  from  the  value  in- 
dicated   in  A.J.  287  is    not  unexpectedly  large,   when  we 
consider    the   circumstances    under    which    the    values    have 

Columbia  College  Observatory,  1893  Feb.  23. 


been  obtained.      The  Strongest    Objection  thai    can  be  raised 

against  the  reality  of  the  parallax  arises  from  the  fact  that 
the  observations  corresponding  to  the  maxima  of  parallactic 
effect  were  made  at  hour-angles  of  opposite  sign.  There 
can  be  no  doubt  that  systematic  error  may  be  introduced  by 
this  undesirable  arrangement  of  the  observations.  The 
question  can  not  be  settled  absolutely  until  the  result  has 
beeu  confirmed  or  disproved  by  independent  observations 
made  with  a  different  instrument.  But  we  can  perhaps 
throw  some  light  on  the  matter  by  a  consideration  of  the 
fiGygiii  observations  contained  in  vol.  VI  of  the  Annals  of 
the  New  York  Academy.  In  the  following  table  the  stars 
are,  arranged  :  first,  in  the  order  of  position-angle;  and 
secondly,  in  the  order  of  distance  from  p.  Only  those  stars 
are  used  that  were  observed  on  six  plates.  The  table  gives 
the  difference  in  distance  from  p1,  taken  in  the  sense  July  26 
minus  Sept.  20.  The  arrangement  in  the  order  of  position- 
angle  shows  that,  there  has  been  a  displacement  of  ft  between 
the  two  dates.  If  this  displacement  were  instrumental  in  its 
origin,  we  might  expect  the  arrangement  in  order  of  dis- 
tance to  show  an  increase  of  the  effect  as  the  distances  iu- 
crease.  If  the  displacement  is  parallactic,  there  ought  to  be 
no  such  increase.  The  evidence  of  the  table  is  therefore 
favorable  to  the  hypothesis  of  parallax. 


Order  Pos.-Ang. 

Order  Pos.-Ang. 

Order  of  Dist. 

Order  of  Dist. 

Star 

July-Sept. 

Star 

July-Sept. 

Star 

July-Sept. 

Star 

July-Sept. 

22 

—.013  1 

16 

+  .0208 

20 

—.0068 

38 

—.0175 

25 

—.0113 

8 

+  .0199 

13 

+  .0325 

23 

+  .0125 

26 

—.0103 

12 

+  .0268 

17 

—  .0101 

9 

+  .0062 

36 

—.0250 

11 

+  .0189 

11 

+  .0189 

16 

+  .0208 

27 

—  .0215 

6 

+  .0289 

30 

—.0302 

8 

+  .0199 

20 

—.0068 

2 

+  .0113 

IS 

—.0067 

26 

—.0103 

42 

—.0207 

13 

+  .0325 

27 

—  .02  1  0 

36 

—.0256 

30 

—.0302 

3 

+  .0165 

12 

+  .0268 

3 

+  .0165 

38 

—  .0175 

9 

+  .0062 

25 

—.01  13 

35 

—.0096 

35 

—.0096 

17 

—.0104 

6 

+  .0289 

2 

+  .0413 

23 

+  .0125 

18 

—.0067 

22 

—.0134 

42 

—.0207 

OBSERVATIONS   OF   COMET  1892  III  (bolmes), 

MADE  AT  THE  VASSAK  COLLEGE  OBSERVATORY, 

By  MARY  W.  WHITNEY. 


1893  PougbkeepsieM.T. 

* 

No. 
Comp. 

da. 

-* 

j8 

6^'s  apparent 
a                         S 

log 
for  a 

/>A 

for  ,5 

h    *    in       s 

Feb.     3     8  11  37 
4     6  51    12 

8     7  45     7 
16     8   10   12 

1 
1 
2 
3 

7 
6 
4 
2 

in          B 

—0     6.23 

+  1    18.00 
—0     8.88 
—0     1.30 

i    ii 

—7  39.6 
—5  39.9 
—2  54.2 
+  7  18.9 

h         in         s 

1   17  20.98 
1   48  45.19 

1  54   58.44 

2  7  38.85 

+  33  50  42.6 
+  33  52  42.2 
+  33  58  33.7 
+  34  14  44.9 

9.613 
9.437 

9.589 
9.598 

0.401 
0.230 
0.367 
0.370 
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Mean   Places  for  1893.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

f 

2 

3 

1   47   28.16 

1  55     8.31 

2  7   41.18 

jrJS ;        +33  58  i  i.o 

—0.99          +34     1    19.9 
—1.03           +34     7    18.1 

:  m 

+  8.0 
+  7.9 

Weisse'a  Bessel  I.  in  1 7 

Compared  with  Weisse's  Bessel  I.  1292 

Weisse's  Bessel  II,  110 

Comet  faint  and  diffused.     On  Feb.  16,  it  was  s(  ien  with  much  difficulty,  and  the  observation  of  that  date  is  of  comparatively  little 
weight. 


ASTRONOMICAL   JOURNAL  PRIZES. 


The  judges  appointed  by  the  Editor  of  the  Astronomical 
Journal  to  decide  the  award  of  prizes  offered  through  him 
as  set  forth  in  the  Announcements  in  A.J., 284,  288,  desire 

to  suli  in  it  a  short  statement  of  some  of  the  general  con- 
siderations which  will  govern  them  in  making,  or  withhold- 
ing, the  awards.  In  doing  this  they  do  not  wish  to  be 
understood  as  prescribing  methods,  or  as  excluding  from 
consideration  forms-of  excellence  not  enumerated  by  them. 
They  think  that  these  prizes  are  entitled  to  a  response 
worthy  of  the  spirit  in  which  they  are  offered  ;  and  they 
wish  to  indicate,  therefore,  briefly  and  merely  in  amplifi- 
cation of  the  Announcement,  somewhat  of  that  which  they 
would  regard  as  a  minimum  of  requirement  to  be  considered 
in  this  connection, — and  to  do  this  as  their  justification  in 
advance,  in  case  they  should  feel  obliged  to  withhold  one  or 
both  of  the  awards.  Confidently  anticipating,  however,  a 
competition  corresponding  to  the  zeal  which  invites  it.  the 
judges  hope  to  be  able  to  make  their  awards  to  works  having 
distinguishing,  ami  perhaps  novel,  points  of  excellence,  such 
as  would  bit  worthy  of  imitation  hereafter. 

Observations  of  Comets. 

The  allowance  for  optical  qualities  of  the  respective  tele- 
scopes will  be  construed  to  refer  chiefly  to  cases  where,  from 
the  faintness  of  the  comet  or  from  its  peculiar  physical 
structure,  the  large  telescope  has  a  distinct  advantage  over 
the  small  one.  The  use  of  a  micrometer  especially  adapted 
to  the  accurate  observation  of  very  faint  comets  would  be 
held  to  redound  to  the  credit  of  the  observer  inventing  or 
applying  it. 

Relative  freedom  from  systematic  peculiarities  of  obser- 
vation would  be  regarded  as  a  mark  of  excellence  even  more 
important  than  the  nominal  or  apparent  precision  in  other 
respects;  since  it  would  be  held  to  indicate  the  exercise  of 
alert  attention,  through  preliminary  examinations  and  tests 
upon  the  peculiarities  of  the  object  to  be  observed,  as  well 
as  upon  sources  of  error  likely  to  arise  from  a  careless  habit 
of  observing. 

In  judging  the  individual  precision  of  observations,  free- 
dom from  large  or  abnormal  errors  would  be  of  the  firsl 
importance:  and  success  in  dealing  with  faint  or  difficult 
objects  would  be  especially  regarded. 


Generally  speaking,  four  or  live  observations  in  each 
month,  for  each  comet  during  its  visibility,  would  be  con- 
sidered a  fair  average  quota  for  one  observer,  and  any  in- 
crease upon  this  number  would  not  be  thought  very  specially 
desirable,  But  this  limitation  would  not  be  held  to  apply  to 
objects  of  much  more  than  ordinary  interest,  nor  to  those 
having  a  short  period  of  visibility,  nor  to  the  opening  and 
closing  month  of  visibility. 

The  judges  would  regard  substantial  accuracy  in  the  re- 
ductions, with  freedom  from  mistakes,  as  fai  more  merito- 
rious than  the  greatest  refinement  in  the  application  of 
corrections,  accompanied  with  large  mistakes. 

Orbit-Computation. 

It  would  be  expected,  as  a  matter  of  course,  in  the  com- 
putation of  a  definitive  orbit  of  a  periodic  comet,  thai  the 
formulas  would  be  correctly  chosen  and  applied,  and  that 
the  numerical  work  would  be  carried  through  with  precision. 
Cases  might  arise  in  which  there  is  opportunity,  or  necessity, 
fur  ingenuity  in  the  use  of  mathematical  devices,  and  such 
special  ingenuity,  if  required,  would  be  recognized. 

But,  in  general,  distinguishing  excellence  in  such  compu- 
tations would  be  sought  for  in  the  skill  and  good  judgement 
with  which  the  observations  were  treated.  The  judges  will, 
therefore,  regard  with  special  attention  :  — 

1.  The  care  exercised  in  revision  of  the  published  ob- 
servations. 

2.  The  good  judgement  evinced  in  searching  out  and 
evaluating  systematic  errors  of  the  observations,  and  in  ex- 
hibiting competent  evidence  of  the  reality  of  such  errors, 
whenever  their  existence  is  assumed. 

3.  The  completeness  and  soundness  of  the  discussion  for 
assignment  of  relative  weights  to  the  observations  and  to 
the  successive  normal  places. 

4.  The  ability  shown  in  indicating  not  only  the  ordinary 
technical  probable  error,  but  also  the  probable  limits  of  un- 
certainty in  the  adopted  elements. 

5.  In  the  case  of  a  comet  which  has  undergone  marked 
changes  of  physical  aspect  during  the  period  of  observation, 
the  collation  and  discussion  of  notes  and  researches  upon 
the  physical  appearance  of  the  comet,  with  special  reference 
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to  tlio  probable  relation  of  the  various  series  of  observations 
to  the  supposed  center  of  gravity. 

Referring  to  the  second  ami  third  points,  the  jndges 
would  regard  with  much  interest  the  extension  of  the  dis- 
cussion i"  ilir  work  of  the  observers  in  question  upon  other 
cniints  suited  to  tin-  required  purpose. 

Variable  Stars. 
With  regard  to  tin1  variable  star.-,  the  terms  of  the  An- 
nouncement an-  so  explicit  as  to  need  little  addition,  except 
that  the  forthcoming  catalogue  will  especially  provide  data 
to  guide  the  judicious  selection  of  the  objects  which  most 
need  observation.     Publication  of  provisional  results  should 


he  made  from  time  to  time,  giving  for  the  series  on  each 
star,  tin'  number  of  the  observations,  the  interval  embraced 
hv  them,  the  time  of  each  maximum  or  minimum,  and  the 
magnitude  at  that  phase  expressed  as  nearly  as  possible  in 
the  ordinary,  historical  scale  of  magnitude.  Also  brief  and 
clear  notes  as  to  market!  secondary  phases  or  inflections  of 
the  light-curves,  if  any.  Definitive  reductions  are  of  course 
not  expected,  since  from  the  nature  of  the  ease  these  cannot 
be  properly  made  for  some  years  to  come. 

Asaph   IIai.i.. 
S.  C.  Chandler, 
Lewis  Boss. 


NOTE   ON    SAWYER'S    NEW   VARIABLE   IN   AQUILA, 


By  FRIEDRICH 

Since  the  star  S.I).  —  5°4858  comes  within  the  work  of  our 
meridian  circle,  —  which  is  to  observe  all  stars  brighter  than 
.Ss'.(i  between  the  equator  and  8°  of  S.  declination  three  times 
in  each  position  of  the  instrument,  —  I  have  examined  the 
observing-books  for  remarks  upon  its  brightness. 

The  star  was  observed,  1885  duly  29,  30,  31,  by  Prof. 
Valentiner,  and  L892  Aug.  18,  20,  29,  by  myself.  On  the 
first  two  dates  in  1885,  if  was  noted  as  0.5  brighter  than  the 
star  north  1 '"  preceding,  which  is  — 5°4848,  given  as  7W  0  in 
the  S.D.  Accepting  this,  we  recorded  — 5°4858  as  6M.5. 
At  the  observation  1892  Aug.  18,  1  find  the  remark  •■rudd\  ." 

The  observations  with  the  meridian  circle  have  shown  us 
that  the  estimates  of  magnitude  in  the  S.D.  are  not  always 
quite  trustworthy,  and  by  no  means  homogeneous  in  differ- 
ent hours  of  R.A.  ;  so  that  the  magnitude  S".0  S.D.  is  very 
easy   to  observe  with   bright   field,   in    some    parts  of    the 

Karlsruhe,  Baden,  L893  March  15. 


W.  RISTENPART. 
heavens,  but  in  others  rather  difficult.  Therefore  small  dif- 
ferences from  the  magnitudes  assigned  in  S.D.  arc  disre- 
garded by  us.  and  only  the  conspicuous  ones  noted.  More- 
over, in  the  crowded  parts  of  the  milky  way,  there  is  not 
time  for  devoting  attention  to  the  magnitudes.  Thus  the 
omission  of  any  remark  in  August  1892  indicates  that  the 
star  was  not  difficult  to  observe,  and  by  no  means  fainter 
than  8M.0  ;  so  that  the  redness  on  August  18  must  have  been 
very  decided. 

The  reobservation  of  the  magnitudes  in  the  S.D.  between 
7M.0  and  7". 8,  announced  by  Sawyer  in  A.  J.  no.  290,  will 
be  awaited  here  with  great  interest.  It  will  confirm  many 
of  our  notes  on  differences  of  brightness:  and  where  it  does 
not  coufirm  them,  a  variability  of  the  star  in  question  would 
be  suspected. 


NEW   ASTEROIDS. 

Prof.  KltUEGER  has  kindly  communicated  the  photographic  discovery  by  Mr.  Charlois  of  the  following  asteroids  : 
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OBSERVATIONS  OF  THE   SOUTH  POLAR  CAP  OF  MARS  AT  THE  OPPOSITION 

OF  1892, 

By  GEORGE  C.  COMSTOCK. 


Between  July  10  and  Sept.  29  I  measured  the  position- 
angle  of  the  south  polar  cap  of  Mars  with  the  40cm.  equa- 
torial telescope  of  the  Washburn  Observatory  on  forty 
nights,  usually  making  two  independent  determinations  of 
the  position-angle  on  each  night.  These  observations  were 
necessarily  made  when  the  planet  was  at  considerable  dis- 
tances from  the  meridian,  since  I  was  also  engaged  in 
observations  of  the  planet  with  the  meridian-circle,  but 
care  was  taken  that  the  position-angles  should  be  measured 
on  each  evening  at  approximately  equal  hour-angles  on 
opposite  sides  of  the  meridian.  The  magnifying  powers 
employed  ranged  from  196  to  439  diameters. 

The  micrometer-thread  was  placed  tangent  to  the  disk  of 
the  planet,  and  rotated  about  the  disk  until  the  polar  cap 
appeared  to  be  symmetrically  disposed  about  the  point  of 
tangency.      Five  settings  of  this  kind,  combined  with  a  de- 


termination of  the  parallel  from  a  neighboring  star,  consti- 
tute a  single  determination  of  the  position-angle  of  the  cap; 
but,  in  the  earlier  part  of  the  work,  fearing  that  the  obser- 
vations might  be  affected  with  systematic  errors  depending 
upon  the  position  of  the  telescope  east  oi  west  of  the  pier. 
I  combined  with  each  determination,  telescope  east,  a  simi- 
lar determination,  telescope  west,  until  a  sufficient  number 
of  observations  had  been  accumulated  to  show  that  no 
sensible  difference  exists  between  these  results  when  each 
series  is  reduced  with  a  value  of  the  parallel  determined  in 
the  corresponding  position  of  the  telescope.  On  Aug  31 
and  subsequent  dates  the  observations  were  made  in  a  single 
position  of  the  telescope  tube. 

The  following  table  contains  the  observed  values  of  the 
positiou-angles,  together  with  the  corresponding  residuals, 
V,  furnished  by  the  discussion  given  below. 


Observed  Position-Angles  of  the  South  Polar  Cap. 
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All  inspection  of  the  results  of  these  measures  will  show 
the  presence  of  a  well  marked  tendency  to  obtain  smaller 
values  for  the  position-angles  when  Mars  is  observed  east  of 
the  meridian  than  when  west;  the  difference  W. — E.  in- 
creasing from  +2°. 4  in  July  to  +2°. 7  in  August,  and  +3°. 4 
in  September,  although  the  hitler  number  is  by  no  means  so 
well  determined  as  the  first  two.  The  application  of  one- 
half  of  the  mean  difference,  as  a  systematic  correction  to 
the  observations,  would  have  rendered  them  much  more 
accordant,  and  perhaps  have  removed  a  real  source  of  error 
from  those  nights  on  which  observations  were  made  ou  only 
one  side  of  the  meridian. 

1  have,  however,  preferred  to  use  the  uncorrected  obser- 
vations for  a  determination  of  the  position  of  the  rotation 
axis  of  the  planet,  trusting  to  the  very  approximate  equality 
in  the  number  of  observations  east  and  west  to  eliminate 
whatever  error  may  be  involved. 

The  notation  and  the  formulas  employed  for  the  discus- 
sion of  the  observations  are  as  follows  : 

n  =  Observed  position-angle  of  the  polar  cap. 
I'(t)  =  Position-angle   of    the  axis  of  Mars  at   the  in- 
stant T. 
to  and  (3  =  Areographieal  longitude  and  latitude  of  the  cen- 
ter of  the  disk  of  Mars. 
0  and  ).  =  Areographieal  longitude  and  south  polar  distance 
of  the  center  of  the  cap. 
T=  Aug.  3.0  Greenwich  M.T. 
p  =  n+\P{T)-P(r)\ 
/'(  7')  =  p  +  /.  seep'  sin  6  cos  w —  I  seep"  cos  d  sin  00 

The  quantities  (3,  to  and  P(  T) — f(r)  have  been  derived 
from  Makth's  epheuieris  (Month.  Not.  Ii.A.S.  March,  1892). 
For  the  actual  reduction  of  the  observations  I  have  put 

180°  —  n  =  5n  — ).  seep'  sin  6  =  by 

P(  T)  —  1  ,so°  =  5  a;  +  X  sec  p1  cos  0  =  5  z 

which  furnishes  as  the  observation-equation. 
x  +  y  cos  (o  +  z  sin  to  +  «   =   0 


The  application  of  this  type  of  equation  to  the  discussion 
of  any  series  of  observations  presupposes  that  the  unknown 
quantities  remain  constant  during  the  entire  series,  and  the 
longer  the  series  the  more  questionable  does  this  assumption 
become.  On  the  other  hand  it  is  practically  impossible  to 
derive  values  of  ).  and  Q  from  observations  extending  over 
less  than  a  fortnight  or  three  weeks.  It  was  my  original 
purpose  to  close  the  observations  at  the  end  of  August,  and 
to  discuss  the  entire  series  as  a  single  set,  but  a  provisional 
solution  having  caused  me  to  suspect  a  considerable  move- 
ment of  the  polar  cap,  1  decided  to  recommence  the  obser- 
vations in  September,  and  continue  them  so  long  as  they 
could  be  conveniently  made,  in  order  to  confirm  or  disprove 
the  suspected  motion.  During  September  the  planet  had 
become  sensibly  gibbous,  but  fortunately  the  position-angle 
of  the  cusps  was  such  that  the  shadow  at  no  time  reached 
the  cap,  and  since  in  the  observations  attention  was  concen- 
trated upon  those  parts  of  the  limb  immediately  adjacent  to 
the  cap,  I  have  considered  it  permissible  to  neglect  the 
gibbosity. 

For  the  formation  of  the  normal  equations,  1  have  divided 
the  observations  into  three  groups,  as  indicated  in  the 
tabulation,  and  have  derived  from  these  groups  the  follow- 
ing normal  equations  and  values  of  the  unknown  quanti- 
ties : 

July  16  to  August  6. 

26.00.x  —  1.81  y  —  9.15z  +8.78  =  0 
—  1.81a-  +16.75?/  —0.4)1)2  —1.07  =  0 
—9.159!  —  0.09)/   +9.24  z   —3.63  =  0 


9;  =  — 0.304  P(T)  —  178.48  +  0.26 

?/ =  +0.032        ;.secp'  sin  0  =  —  0.16  +  0.26 

z  =  +0.093       A  seep'  cos  6=  +0.46  +  0.43 

[ot]  =  58°.  16         25[?m  ■  3]  =  58°. 00 

August  6  to  August  31. 
28.00a;   +   5.06?/   +  11.53«  +6.80 
5. 06.?  +13.06?/  —  1.752   +4..SH 
11.53a;  —  1.75  y   +14.91?  —3.64 


p'=  —13.5 
0=    341. 

;.  =       0.47 

i-,=  ±1°.07 


0 
0 

0 
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:   —12.1 

:  11. 

:        2.95 
±1°.02 


.-•=—0.465  /'('D  =  177.68±0.26 

y  =  — 0.117       ;.  seep' sin  0  =  +  0.58±0.81 
2  =  +0.591        ;.  secy' ros  0  =  +  2.96±0.34 
[?•<•]  =  58°.  12         25[n»i  •  3]  =  58°. 25         r, 

September  9  to  September  29. 

18.00a:  —0.64?/  +13.28?  —2.32  =  0 

—0.64a;  +  6.5o'y  —   1.16z  +2.82  =  0 

13.28a;  —  I.Hw/   +  11.41Z  —2.72  =  0 

x  =  —0.231  P(T)  =  178.08,  (3  =  — 13°.5 

V  =  — 0.395  — 0.1 10.tr,    ?.sec/3sin0  =  +1.79,  0  =      36. 
z  =  +0.198—  1.175a;,    *secf?cos0  =  +2.45,  J.  =        2.95 
[/•<•]  =  50°.10         25[nn  ■  3]  =  49°.50         r,  —  ±1°.22    . 

It  is  apparent  that  tbe  last  group  of  normal  equations  is 
inadequate  for  the  determination  of  both  x  and  2.  I  have 
therefore  determined  y  and  2  as  functions  of  x,  and  have  de- 
lived  from  the  equations  the  best  value  of  a;  which  they  can 
afford,  viz.  :  — -0°.231,  but  I  have  substituted  in  place  of  this 
value  the  mean  of  the  values  derived  from  the  first  two 
groups  of  equations,  x  =  — 0°.384,  in  obtaining'  the  defini- 
tive values  of  y  and  ?..  Despite  this  considerable  change  in 
the  value  of  x  the  sum  of  the  squares  of  the  residuals  exceeds 
25[n«  -3]  by  0°.60  only. 

The  value  of  fi  has  been  assumed  constant  during  the 
period  covered  by  each  group  of  normal  equations,  and  the 
mean  values  given  above  have  been  adopted  in  deriving  the 
values  of  X. 

Contemporaneously  with  the  observations  above  discussed 
I  made  a  series  of  determinations  of  the  angular  extent  of 
the  polar  cap.  Most  of  these  determinations  were  made  by 
placing  the  micrometer-thread  tangent  to  the  disk  of  the 
planet  at  the  extreme  limits  of  the  cap.  If  the  difference  be- 
tween the  readings  of  the  position-circle  corresponding  to  the 
extremities  of  the  cap  be  denoted  by  A,  the  angular  extent  of 
the  cap  will  be  given  with  sufficient  accuracy  by  the  equation  : 

E  =  A  —  ip'2  sin  A 
where  p  denotes  the  ai  eogtaphical  latitude  of  the  center  of 
the  disk.  In  a  few  cases,  designated  in  the  following  table 
by  the  letter  .1/,  the  width  of  the  spot  was  measured  with 
the  micrometer-screw,  and  the  angular  extent  computed 
from  the  known  semidiameter  of  the  planet. 

Angular  Extent  of  the  Sooth  Polar  Cap. 


1893 

G.M.T. 

E 

M 

1893 

G.M.T. 

E 

h 

O 

ii 

O 

July     17 

20 

19. s 

M 

Aim.   18 

16 

33.5 

20 

20 

38.0 

24 

18 

31.2 

20 

20 

17..". 

.1/ 

31 

17 

2  7.'.' 

26 

19 

37.0 

.1/ 

Sept.     9 

14 

21.5 

29 

20 

42.0 

14 

1  1 

22.0 

29 

20 

38.7 

M 

15 

13 

25.4 

Aug.     5 

18 

44.2 

M 

16 

14 

20.3 

10 

16 

37.0 

19 

13 

21.6 

12 

16 

38.0 

20 

14 

20.1 

15 

15 

35.9 

Collecting  from  this  table  the  mean  values  corresponding 
to  the  epochs  of  the  quantities  derived  from  the  least-square 

solutions,    there    results    the    following    comparison    between 

the  dimensions  of  the  cap  and  the  coordinates  of  its 
center,  to  which  is  added  the  adopted  corrections  to  the 
position-angh-  of  the  axis  of  Mars  given  by  Marth's  ephem- 
eris. 


1892 

Diam. 

of  Cap 

I 

0 

J  Ephem. 

Julv   26 

Aug.  18 
Sept.  19 

0 
44 
35 
22 

0?47 
2.95 
2.95 

341° 
11 
36 

—2.26 
—3.06 
—2.66 

The  difference  between  the  coordinates  of  the  center  of 
the  cap  furnished  by  the  July  and  August  observations  ap- 
pears to  me  greater  than  can  reasonably  be  explained  by 
error  in  the  determinations,  and  points  to  an  uns\  nimeti  ical 
shrinking  of  the  spot. 

The  only  similar  series  of  contemporary  observations 
whose  results  are  accessible  to  me  are  those  of  Prof.  Camp- 
bell (A.J.  no.  282),  and  of  Prof.  Hall  (A.J.  no.  288) .  The 
former  finds,  for  the  correction  to  the  position-angles  of  the 
axis  of  Mars  given  by  Marth's  ephemeris,  — 0°.l(i,  and  the 
latter  +  1°. 24,  results  which  differ  considerably  from  those 
given  above.  A  comparison  between  nearly  simultaneous 
observations  of  the  three  series  shows  that  this  difference 
i>  inherent  in  the  observations,  and  does  not  arise  from  dif- 
ferent treatment  of  the  data.  Since  the  three  observers 
followed  different  methods  of  placing  the  micrometer-threads 
with  respect  to  the  polar  cap.  it  appears  probable  that  these 
differences  correspond  to  the  systematic  errors  affecting  the 
methods  employed. 

The  following  measures  of  the  diameter  of  the  planet 
were  made  near  the  time  of  opposition. 


Hate 

Eq.  Diam. 

Polar  Diam 

Aug.  5 

26.06 

it 
25.19 

6 

25.1 SO 

25.36 

7 

26.25 

25.67 

The   apparent    excess  of   the   equatorial   over    the    polar 
diameter  which  is  lure  indicated  may  be  <\uv  to  a  systematic 

error  depending  upon  the  position-angle  of  the  distance 
measured.  Treating  the  disk  as  circular,  and  taking  the 
mean  of  the  six  measures,  they  furnish  as  corrections  to  the 

values  given   by  Marts  and   in   the  American   Ephemi 
respectively,  -f  0".S9  and  — 1".07.     These  corrections  have 
been  applied  in  the  derivation  of  the  angular  extent   of  the 
polar  cap  from  micrometer-measures  of  its  width. 


Madison,  1893  March  9. 
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ON   THE   ELEMENTS    AM)   LIGHT-VARIATION   OF  6981  UAQUILAE, 

By  PAUL  S.   JTENDELL. 


The  variability  of  this  star  was  discovered  by  Sawyer  iu 
1886,  and  announced  by  him  in  Uiis  Journal,  Vol.  VII,  p.  22. 
In  a  subsequent  paper  on  page  87  of  the  same  volume,  he 
gives  provisional  elements  and  an  approximation  to  a  mean 
light-curve,  together  with  his  observed  times  of  maxima  and 
minima  for  1*86. 


I  have  observations  of  the  star  for  four  seasons,  L888, 
iNim.  IS'.H  ami  1892.  The  results  of  the  observations  for 
1888  have  not  heretofore  been  published,  but  now  appear  in 
the  table  of  observed  times  given  below  :  those  for  1890  and 
1891  have  already  been  published  in  this  Journal,  Vol.X, 
p.  99,  and  Vol:  XI,  p.  87. 


M  WIMA 

Minima 

E. 

Local  -ALT. 

w 

O-C 

0— C 

Obs. 

E 

Local  M.T. 

w 

0— C 

0— C 

Obs. 

0 

1886  Sept 

19.88 

1 

+  0.08 

-0.07 

s 

4 

Oct. 

17.97 

1 

+  0.04 

—0.08 

U 

5 

23.89 

2 

-1.08 

—  1.19 

.   V 

5 

1886  Oct. 

23.5  7 

2 

+  1.10 

+  0.74 

S 

6 

Nov. 

1.00 

2 

±0.00 

—0.11 

.  • 

7 

8.20 

3 

+  0.17 

+  0.07 

I . 

7 

Nov. 

6.06 

2 

+  0.53 

+  0.18 

hi 

8 

15.11 

2 

+  0.05 

—0.05 

1 1 

8 

13.00 

1 

+  0.44 

+  0.09 

I  i 

9 

22.13 

3 

+  0.33 

+  0.24 

(( 

9 

19.81 

2 

+  0.21 

—0.13 

I  I 

10 

29.62 

2 

+  0.49 

+0.41 

i  t 

10 

26.84 

2 

+  0.21 

—0.12 

U 

11 

11 

Dee. 

4.33 

2 

+  0.67 

+  0.34 

i  I 

12 

Dec. 

13.11 

1 

—0.09 

— 0.1G 

(( 

13 

19.64 

1 

—0.59 

—0.65 

l( 

13 

18.52 

1 

+  0.79 

+  0.48 

i  b 

93 

1888  July 

4.30 

4 

—0.57 

—0.10 

Y 

94 

12.00 

3 

+  0.10 

+  0:58 

t  i 

94 

1888  July 

7.25 

4 

—2.45 

—1.92 

Y 

9;> 

18.33 

2 

—0.60 

—0.12 

I  ( 

95 

15.60 

4 

—1.13 

—0.60 

£< 

96 

25.40 

1 

—0.56 

—0.08 

U 

100 

Aug. 

22.83 

1 

—0.27 

+  0.25 

K 

101 

29.93 

2 

—0.20 

+  0.32 

i I 

101 

Aug. 

26.30 

3 

—1.33 

—  1.06 

l  ( 

102 

Sept. 

5.36 

2 

—0.80 

—0.28 

a 

198 

1890  July 

12.20 

4 

—1.13 

+  0.01 

ci 

199 

19.40 

3 

—0.97 

+  0.19 

.  ( 

200 

200 

1890  July 

24.00 

2 

—0.90 

+  0.01 

If 

202 

202 

Aug. 

7.00 

3 

—0.96 

—0.04 

(C 

203 

Aug. 

15.40 

4 

—2.10 

—0.92 

a 

205 

31.05 

3 

—0.52 

+  0.68 

it 

206 

Sept 

8.16 

2 

+  0.56 

+  1.76 

i  i 

206 

Sept. 

4.30 

4 

—0.80 

+  0.15 

(C 

208 

208 

18.80 

1 

—0.87 

+  0.10 

t( 

209 

29.80 

1 

+  1.10 

+  2.32 

U 

210 

Oct. 

2.51 

1 

—3.22 

—  1.99 

U 

211 

11.39 

1 

—  1.37 

—0.14 

" 

249 

1891  July 

4.92 

4 

—2.10 

—0.61 

. . 

250 

12.30 

4 

-1.75 

—0.26 

.  * 

250 

1891  July 

9.30 

4 

—  2.25 

—  1.01 

If 

252 

27. I'll 

3 

—0.92 

+  0.59 

.  i 

258 

Aug. 

3.86 

2 

—  0.29 

+  1.22 

•• 

253 

31.40 

3 

—  1.25 

+  0.01 

( i 

254 

11.06 

3 

—0.12 

+  1.39 

.  t 

256 

23.91 

2 

—  1.34 

+  0.19 

•• 

258 

Sept. 

7. JO 

3 

—0.41 

+  1.13 

it 

258 

Sept. 

3.60 

4 

—2.21 

—0.92 

a 

260 

21.25 

3 

—  1.13 

+  0.12 

4  i 

261 

28.66 

2 

—0.75 

+  0.81 

ti 

262 

Oct. 

4.72 

2 

—  1.72 

—0.16 

it 

262 

Oct. 

2.40 

1 

—  1.9  1 

—0.23 

ii 

264 

19.98 

1 

-0.53 

+  1.05 

t  i 

303 

1892  July 

18.50 

4 

—2.30 

—0.46 

" 

303 

1892  July 

16.50 

2 

—1.80 

—0.21 

( i 

304 

25.40 

2 

—2.43 

—0.59 

u 

304 

24.30 

4 

—1.03 

+  0.56 

t( 

307 

Aug. 

15.50 

4 

—2.43 

—0.5  7 

it 

307 

Aug. 

13.40 

2 

—2.03 

—0.42 

1 1 

308 

23.40 

4 

—1.57 

+  0.31 

309 

29.30 

1 

—2.70 

—0.82 

1 i 

311 

Sept. 

12.60 

3 

—2.47 

—0.57 

i » 

311 

Sept. 

10.30 

4 

—2.27 

—0.62 

it 

313 

26.80 

4 

—2.33 

—0.43 

" 

315 

Oct. 

10.10 

2 

—3.10 

—1.18 

ti 

316 

19.30 

1 

—0.93 

+  0.99 

1 1 
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The  observations  for  181)2  are  thirty-nine  in  number,  and 

extend  from  July  16  to  Nov.  6;  they  yield  eight  maxima 
and  four  minium.  A  comparison  of  the  observed  times  of 
maximum  with  Chandler's  catalogue  elements,  at  once  indi- 
cated that  too  long  a  period  had  been  assigned  to  the  star. 
which  indication  was  confirmed  by  the  residuals  shown  by 
the  observed  maxima  of  the  three  previous  years. 

A  careful  re-reduction  of  the  whole  four  years'  observa- 
tions, about  130  in  number,  afforded  forty-one  maxima  and 
fifteen  minima;  these,  with  those  of  Sawyer  already  men- 
tioned, making  a  list  of  forty-nine  maxima  and  twenty-two 
minima,  appear  in  the  table  above;  the  residuals  from  com- 
parison with  Chandler's  elements  are  given  in  the  columns 
O— C  ;  those  from  the  elements  derived  from  these  residuals, 
in  the  columns  O — C  '. 

The  error  in  the  numeration  of  the  Epochs  of  maxima  and 
minima,  in  Sawyer's  published  observations,  to  which  my 
attention  has  been  called  by  Mr.  Sawyer,  has  been  corrected 
in  tins  table. 

Owing  to  the  fewness  of  the  observed  minima,  no  use  of 
them  has  been  made  in  the  determination  of  new  elements, 
the  maxima  alone  having  been  employed;  a  discussion  of 
the  residuals  from  these,  given  above  in  the  column  O — C, 
gives  the  following  corrections: 

To  the  Epoch       +  0'M461       ±0d.035 
To  the  Period      — 0'1. 006552  ±0d. 00167 

The  elements  obtained  by  applying  these  corrections  to 
those  of  Chandler  with  which  the  original  comparisons  were 
made,  are 

Max.,  1886  Sept.  20.1461  Greenwich  M.T.  +  7d.026448.E 

These  appear  to  be  the  best  at  present  attainable. 

The  comparison-stars  used  are  those  of  Sawyer,  given  by 

1893  February  25. 


him  in  his  tirst  paper,  already  alluded  to;  the  light-scale, 

from  my  four  years'  observations,  is  as  follows  ; 


a  =  23.8 

b  =  18.8 

c  =  18.3 

a  =  14.3 


e  =  11.5 

f  =     8.0 
g  =     5.0 


The  value  of  the  star  b  is  of  little  weight,  being  deduced 
from  only  i  wo  comparisons. 

By  the  use  of  this  light-scale  and  the  elements  above 
given,  a  mean  light-curve  was  constructed  from  the  entire 
body  of  the  observations ;  this  gives  a  range  from  8"-. 5  to 
17"-. 2,  or  from  7M.0o  to  6M. 40  ;  the  extreme  observed  magni- 
tudes are  7M.23  and  6M.35. 

The  characteristics  of  the  star's  light-variation  are:  a 
rapid  and  uniform  rise,  a  well-marked  maximum  phase,  ami 
a  decline  about  as  rapid  as  the  increase  until  one  and  a 
quarter  days  after  the  maximum:  at  lliis  point  a  marked 
slackening  in  the  rate  of  decline  begins  to  show,  which  in- 
creases until  about  two  and  three-quarters  days  after  maxi- 
mum, at  which  time  the  decreast  seems  to  have  stopped, 
and  the  star's  light  to  remain  unchanged  tor  a  quartet  of  a 
day  ;  after  the  fourth  day,  the  decline  again  becomes  rapid, 
and  the  minimum  is  as  sharply  marked  as  the  maximum. 
The  minimum  precedes  the  maximum  2.25  days. 

The  readings  from  the  mean  curve  are  as  follows:    . 


Before  Max. 

. 

V  ft.-i 

Max. 

d 

SI. 

ii 

i 

t. 

d 

ST 

-2.25 

8.50 

+  0.25 

17 

00 

+  2.75 

12.50 

•J  no 

8.60 

0.50 

16.35 

3.00 

12.  .'.(I 

1.75 

9.50 

0.75 

15 

50 

:;.2r. 

12.  JO 

1.50 

10.60 

1.00 

1  1 

70 

.•;.r.o 

12.30 

1.25 

12.(10 

1.25 

14.00 

.",.75 

12.no 

1.00 

13.65 

1.50 

1.". 

50 

LOO 

11.20 

0.75 

15.20 

1.75 

13 

20 

4.25 

10. 00 

0.50 

16.25 

2.00 

12 

90 

1.50 

9.15 

—0.25 

17.00 

2.25 

12 

70 

1.75 

8.55 

±0.00 

17.20 

+  2.50 

12 

55 

+  4.776 

8.50 

gives  the  deviations,  0 — C,  of  the  various  normal  epochs, 
from  the  first  two  terms  of  the  definitive  elements. 

1880  June  23d  9"  28m.0(Gr.M.T,) 

+  2'1  I  1"  49m  38".2o  /.'  f  95™  sin(0°.08  E+283  I 


CONTRIBUTIONS   TO   THE    KNOWLEDGE   OF   THE   VARIABLE   STARS 

By  S.  C.  CHANDLER. 

VII. 
Since  the  publication  of  the  theory  of  the  inequalities  of 
Algol,  vol. XII,  I  have  ascertained  that  those  of  two  other 
stars  of  this -type  are  apparently  of  the  same  character. 
Below  is  a  brief  statement  of  the  results,  and  some  ap|  a- 
reutlv  Legitimate  and  interesting  conclusions  therefrom. 

320.  UCephei. 
In  my  paper  on  this  star,  A.J.  IX.  40.  it  was  shown, 
among  other  things,  that  the  period  has  increased  since  its 
discovery,  and  that  the  rate  of  the  change  is  not  uniform. 
It  is  now  manifest  that  this  increase  has  stopped,  and  that  a 
decrease  has  set  in.  The  nature  of  the  change  can  be  seen 
by  meansof  the  column  "Observed  Inequality"  below,  which 


Approx. 

Inequa 

ity 

Date 

E 

Obs. 

Com  p. 

O— 0 

1828.4 

— 7636 

+  4:L7: 

+  ."o'".-, 

—  6m8 

1 88 1 . 1 

+     92 

—80.2 

—80.1 

—0.1 

1 882.1 

2;;!' 

—  7s.  7 

—  Ml..", 

+  1.8 

1882.7 

.",2  1 

— 70. 0 

—73.9 

—5.1 

1883.6 

153 

—64.8 

—  62.0 

—2.8 

1884.2 

5  1  s 

—53.0 

—  52.0 

—  1.0 

1887.9 

loss 

+  17.5 

+  17.1 

+  0.4 

1888.3 

t-1141 

+  21. 0 

r-23.4 

—  1.5 

16 
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Approx, 

Inequality 

Date 

E 

Obs. 

1    ollip. 

0— c 

1888.9 

+  1233 

+  36m7 

+  38?7 

— 2™0 

1889.9 

1384 

+53.7 

+  52.7 

+  1.0 

1890.9 

1525 

+  68.2 

+  67.2 

+  1.0 

1S92.2 

1719 

+  82.6 

+  82.7 

—0.1 

1893.3 

+  1861 

+  89.1 

-\  90.3 

—  1.2 

These  normal  epochs  were  formed  from  the  table  of  ob- 
served illinium,  /.c.  with  the  addition  of  those  published  by 
Di'xki:  and  Yendell  since  that  time.  The  latter  has  also 
kindly  furnished  me  with  the  original  data  of  his  recent  ob- 
servations, so  that  I  could  reduce  them  homogeneously  by 
the  method  employed  for  Wii.sing's  and  my  own. 

The  column  "Computed  Inequality"  gives  the  periodical 
term  of  the  above  elements.  The  last  column  shows  how 
well  the  elements  represent  the  observations.  The  length 
of  the  cycle,  and  the  amplitude  of  the  variation  of  the  period 
are  yet  somewhat  uncertain,  hut  the  observations  of  the 
nexl  year  or  two  will  doubtless  fix  these  with  considerable 
precision. 

If  we  interpret  the  elements  by  the  theory  advanced  in 
the  case  of  Algol,  the  time  of  revolution  of  UCephei  and  its 
occulting  companion  around  the  assumed  distant  third  com- 
panion occupies  4500  periods  of  the  light-variation,  or  about 
30.7  years;  The  radius  of  the  orbit,  assumed  circular,  is 
about  11.5  cosec  i,  measured  in  the  earth-sun  distance  unit. 
Hence  its  size  must  be  somewhat  larger  than  that  of  Saturn, 
as  a  minimum  value,  corresponding  to  the  case  of  i  =  90°, 
i.e.,  the  observer  being  in  its  plane. 

Unfortunately  we  have  not,  enough  catalogue-places  to 
detect  irregularity  of  proper  motion,  which  must  exist  in 
this  star  if  the  assumed  theory  be  correct.  1  find  it  only  in 
Fedorenko's  Lalande,  Schwerd,  Carrington  and  the  Rad- 
cliffe  annual  volumes,  as  follows: 


Catalogue  No. 

Fedorenko  115, 
Nchwerd  17, 
Carrington  130, 
Radcliffe 


Epoch 

1790 
1828.2 
1855 
1880.9 

1881.6 
1882.5 


Place  reduced  to  1875.0 


0  51 


16.34 
16.84 
17.84 
17.20 
17.25 
17.36 


+  81 


2  4.4 
2.9 
4.4 
3.3 
3.5 
2.9 


No  systematic  corrections  have  been  here  applied.  Their 
determination  would  be  somewhat  laborious  and  uncertain 
tin-  a  star  SO  near  the  pole,  and,  for  the  present,  unnecessary 
and  premature.  They  must  be.  small  in  any  case,  within  the 
range  of  accidental  error.  Thus,  Fedorenko  reduced  by 
means  of  Bradley  and  Bessel,  the  latter  being  founded  on 
Argelander's  Abo  catalogue.  Sciiwerd's  right-ascensions 
also  rest  indirectly  on  Abo,  and  the  corrections  of  his  decli- 
nations are  very  small.  Carrington  rests  on  fundamental 
star-places  corresponding  closely  to  Woi.fers. 

From  the  above  data  we  may  assume  the  annual  proper 
motion  of  UCephei  to  be  +08.013  and  0".00  ;  thus,  in  great- 
circle  arc,  0".030  in  the  direction  of  90°  position-angle. 

Now  by  the  assumed  theory  it  would  seem  that  the  present 


orbital  motion  on  the  face  of  the  sky  must  be  a  quantity 
easily  measurable  in  a  comparatively  short  time,  unless 
the  parallax  is  excessively  small.  Assuming  a  parallax  of 
0".05,  we  have  for  the  radius  of  orbital  motion,  0".575. 
Since,  by  the  nature  of  the  observed  variation  in  the  period 
of  light-minima,  the  star  is  now  near  apogee,  its  present 
orbital  motion  on  the  sky  is  ()".12  annually,  under  these  con- 
ditions, whatever  the  inclination  of  the  orbit  or  the  position- 
angle  of  the  node.  Combined  with  the  average  annual 
proper  motion,  the  resultant  is  within  the  limits  0".09  and 
0".15  annually.  Thus  the  heliometer,  or  even  the  filar 
micrometer,  could  settle  the  question  in  a  year  or  two  at 
least,  unless  the  parallax  is  much  smaller  than  0".05. 

On  the  same  assumptions,  the  motion  in  the  line  of  sight, 
which  is  now  nearly  nothing,  will  in  eight  years  increase  to 
seven  miles  a  second.  Possibly  by  that  time  sufficiently 
powerful  optical  means  may  be  brought  to  bear  to  determine 
this  element  by  Vogue's  spectrographs  method. 

6189.  UOphiuchi. 
A  full  investigation  was  given,  (A.J.Wl,  129, 137),  of  all 
the  observations  of  this  star,  up  to  1886  inclusive.  Since 
that  time  the  shortening  of  the  period  there  established  has 
first  diminished,  then  ceased  ;  and  at  present  there  are 
symptoms  of  increase.  The  following  table  of  normal 
epochs  is  the  same  as  that  on  p.  132,  I.e.,  with  the  addition 
of  others,  similarly  formed  from  28  minima  since  observed 
by  Yendell,  Donee,  Sawyer  aud  myself.  The  column 
"Observed  Inequality  "  gives  the  deviations  from  the  first 
two  terms  of  the  definitive  elements. 

1881  July  17d  14"  4.V".0(Gr.  M.T.) 

+  20"  7m  428.56.E  +  80m  sin(0°. 0225  E+  140°) 


Approx. 
Date 

1863.5 
1871.8 
1881.8 
1882.3 
1882.5 
1882.6 
1882.6 
1882.6 
1882.7 
1882.7 
1883.5 
1883.5 
1883.6 
1883.6 
1883.7 
1883.7 
1884.6 
1885.6 
1886.6 
1887.8 
1888.5 
1889.5 
1889.6 
1890.3 


Inequality 


E 

—7885 

—4  267 

+  120 

350 

416 

451 

457 

479 

517 

517 

838 

839 

888 

891 

'.HI 

930 

1328 

1769 

2218 

2719 

3051 

3472 

3515 

+  3794 


Obs. 

—  14l"!:S  :  : 
+  56.3  :  : 
+  38.6 
+  42.4: 
+  45.6 
+  20.6: 
+  38.7 
+  38.4 

+  33.6 
+  42.2 
+  34.9 
+  26.1 
+  26.4 
+  19.7 
+  33.5 
+  25.4 
+  28.3 
+  3.9 
+   3.8 

—  2.8.4 

—  35.4 

—  54.4 

—  43.5 

—  76.4: 


Comp. 

— 58!6 
+  55.6 
+  48.6 
+  42.5 
+  40.8 
+  39.8 
+  39.7 
+  39.1 
+  38.0 
+  38.0 
+  28.9 
+  28.9 
+  27.4 
+  27.3 
+  26.6 
+  26.1 
+  14  0 
+  0.3 
—  13.8 
—28.9 
—38.3 
—49.4 
—50.4 
—56.9 


0— C 

m 

—82.7: 
+  0.7: 

—  10.0 

—  0.1  : 
+  4.8 

—  19.2: 

—  1.0 

—  0.7 

—  4.4 
+  4.2 
+  6.0 

—  2.8 

—  1.0 

—  7.6 
+  6.9 

—  0.7 
+  14.3 
+  3.6 
+  17.6 
+  0.5 
+  2.9 

—  5.0 
+  6.9 
—19.5: 


Obs. 

Schj. 
G 

S  • 

s 
c 

Sch  in. 
S 

c 
c 

s 
c 
s 
c 
s 
c 
s 
s 
s 
s 
c 
s 

Y 

s 

D 
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Approx. 
Date 

1890.6 
1891.6 
1891.7 
1892.4 


E 

+  3920 
4393 
4420 

+  4  762 


Inequality 


Obs. 

Ill 

-  11.2: 

-  70.8 

-  68.1  : 

-  74.2 


Comp. 

In 

—69.7 
—68.5 

—  6s.li 

—  7:1.7 


O— C      Obs. 


+  28.5 

—  2.3 
+   o.s 

—  0.5 


V 

Y 

s 

D 


The  Bret  epoch,  Schjklljbkup's,  was  merely  a  nidi-  one, 
and  the  deviation  is  entirely  within  the  range  of  its  possible 


error.     The  remainder  are  satisfactory.      Tin-  coefficients  of 
tin-  elements  are  decidedly  more  uncertain  than  in  tin 
of  UCephei,  but  it  is  tolerably  certain  that  the  inequality 
is   completed  in  about   16000  periods  of  the  light-minima, 

or    37    years,    with    perhaps    three    or    four   year-    poss 
error. 

The  data  for  the  place  of  the  star  are  given  in  the  follow- 
in"  table. 


Authority 

Kpocb 

1875 

.0 

Svst. 

Corr. 

Observed 

Computed 

a 

6 

Ja 

Jd 

Ja 

J.) 

Lalande 

1 

1797.4 

ll!  17 

It 

9.0 

+  0~2:' 

—  \".9 

+  0.075 

—o  28 

1 

i 

Bes>rl 

1 

is  22. 5 

11.64 

7.4 

—  .18 

+  1.9 

+    .125 

+  2  29 

- 

— 

Santini 

4 

1839.0 

11.23 

5.1 

+   .05 

+  1.2 

—  .035 

—0.47 

+  0.039 

—0. 

Putkowa  Mer.  C. 

4 

1845.9 

1  1.24 

5.9 

+    .02 

+  0.1 

—  .028 

—  .66 

—  .02:' 

-  .18 

Laniont  I  See  1 ) 

2 

1847.5 

11.17 

7.1 

+   .03 

—0.4 

_  .085 

+    .07 

—  .040 

—  .04 

Klinkerf  (Seliur.) 

1 

1862.:. 

11.23 

7.:i 

—  .03 

—  1.0 

—  .ii.-,:, 

+    .49 

+    .017 

+ 

Schjellerup 

1 

1863.5 

1  1.22 

7.1 

+    .08 

—0.3 

+    .047 

+    .70 

+    .026 

+    .21 

Grant  (1) 

2-3 

\  I81O.I  / 

1  1.28 

6.0 

+    .l'2 

—0.3 

+   .060 

—  .56 

+   .060 

—  .46 

Paris.  Merid.  Circ. 

1 

1870.5 

11.15 

6.4 

+    .12 

—0.4 

+    .031 

—  .29 

+    .1  59 

—  .35 

Rogers  (121 3 ) 

6 

1^7s.;, 

11.28 

6.0 

—  .02 

+  0.1 

+    .037 

—  .07 

+    .005 

—  .11 

Greenwich 

3 

1880.4 

11.16 

5.3 

+    .03 

+  0.2 

—  .029 

—  .64 

—  .i>l  1 

—  .30 

!!<>" 

3 

1880.9 

11.29 

6.2 

—0.02 

0.0 

+  o.o:,-_- 

+  0.07 

—0.020 

—0.25 

Columns  4  and  5  gives  the  catalogue-places,  reduced  to 
1875.0.  Columns  6  ami  7  are  the  corrections  to  reduce  to 
the  system  of  the  Fundamental  Catalog .  They  were  de- 
termined in  the  same  way  as  for  Algol,  using  12  Hauptsterne 

within  l1'  30m  and  5°.  and  also,  for  the  reduction  of  Lai.ande's 
and  Bessel's  zones,  all  of  linAiu.tv's  stars  therein  contained. 
between  +1°  and  +3°.  The  latter  were  also  used  for  other 
authorities.     We  thus  find  the  place  and  proper  motion. 

«  =   17"   \0m   11s. 230     —  0\0020(<  — 1875) 
8  =   +1°.21    6". 22  — 0".015  (I— 1875) 

having  regard  to  weights.  These  give  the  deviations  /,/ 
and  JS  in  columns  8  and  9.  While  these  are  in  general  not 
greater  than  the  errors  of  observation,  they  have  a  curious 
and  possibly  significant  feature;  namely,  a  systematic  ten- 
dency not  inconsistent  with  an  irregularity  of  36  years  cycle, 
which  the  proper  motion  of  the  star  ought  to  have,  if  the 
theory  as  to  the  variations  of  the  light-periods  of  this  class 
of  stars  is  correct.  This  is  evident  by  comparison  with  the 
hist  two  columns,  which  give  the  values  of 
./,<  =  0s. 06  sin(f— 1861)10°  ,  J8  =  0".5  siu (t— 1848)10 
Cambridge,  1893  April  2. 


These   are   the  equations    for  an   apparent  ellipse   with   a 
major  axis  of  1".95.  and  a  minor  axis  of  0".7,  iitiou- 

angle  of  the  former  being  115°.  Assuming  for  the  n  oment 
that  it  is  real,  and  combining  it  with  the  far  more  definite 
information  derived  from  the  light-minima,  we  have  an 
annual  parallax  of  0".10,  and  an  orbit  something  like  this: 

Period,  36  years 
Passage  of  $2,   1867 

9,  -=     97° 
(=11  2 
a    =    10.0 

assuming  it  to  he  circular.  Ibis  guess  a(  the  orbit  ha-,  ii  is 
true,  a  very  slight  foundation.  If.  possibly,  it  be  approxi- 
mately true,  the  present  orbital  motion  of  the  star  is  at  the 
rate  of  about  0''.10  annually,  in  the  direction  of  90°  position- 
angle,  whereas  the  mean  proper  motion,  above  given,  is 
<V'.o:',4  annually,  in  the  direction  of  223  .  The  fai 
existence  of  this  or  any  comparable  difference  could  cer- 
tainly be  settled  micrometrically  within  two  or  time  years. 


BERSCHEL'S    E3STIMATES  OF    BRIGHTNESS  OF   NEBULAS    EXPRESSED    IN 

MAGNITUDES, 

By  OSMOND  STONE. 
In  the  following  table  the  first  columu  gives  the  bright- 
ness as  designated  in  1 1  kkschel's  General  Catalogue:  the 
second  gives  the  mean  of  the  corresponding  magnitudes 
estimated  by  the  different  observers  with  the  26-inch  refrac- 
tor of  the  Leander  McCormick  Observatory,  us'nu  a  magni- 
fying power  of  175.  and  collecting  for  personal  equation; 
the  third  gives  the  number  of  comparisons. 


H.G.r. 

L.M.Obs. 

No.(  "inp. 

H.G.C. 

L.M.Obs. 

No.  Com  p 

vB 

12.0 

13 

pF 

13.8 

7o 

B 

12.9 

19 

cF 

14.3 

s 

.11 

13.0 

9 

/■• 

14.0 

17 

pli 

13.3 

99 

vF 

1  1.5 

7 
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OBSERVATIONS  OF  COMET  / 1892  (bolmes), 

MADE   AT    ITII'.   DUDLEY   OBSERVATORY,    ALBANY, 

By  LEWIS  BOSS. 


1892  3  Albany  M.T. 

* 

No. 

Comp. 

Jo.        |         JS 

^/'s  apparent 
a                        8 

logpA 

for  a       1     for  ci 

h        in       s 

Dec.    9     9    12     3 

Jan.  19     9    10  30 
21      6  45  52 

1 

2 
2 

21  ,  9  | 

24  .  8 
21  ,  7 

+  o"':i6+7  | 

B\ 

+  1    13.34 

+  8  15.82 

I          "                      h         in         s 

+  2      9.0     |     0  46     3.78  | 
W.   0.   LAY. 

+  1    27.93        1    26     0.61 
+  1   51.2          1    28  33.04 

+  35   18     9.1  | 

+33  38   14.:. 
+  33  39      7.9 

9.466     | 

9.6696 
9.2875 

0.235 

0.527 

n.210 

Mean  Places  for  1892.0  and  1893.0 

of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

1 
2 

)l         111           s 

0  45   24.60 

1  24    IS. 13 

s 

+  2.71 

*  —0.91  i 

+  35   15  31.9           +28.2 
+  33  37   18.2          —   1.6 

A.G.  Leiden  (2obs.),  Paris  (2  obs.) 
Leiden (4 obs.)  Paris,  Lai.  and  Ressel  (1  obs.) 

Note.     In  my  observation  of  Dec.  15  {A.  J.  2S5).      del  f or  6^ — *      should  be  — lm  26s. 65. 


NEW  ASTEROIDS. 

Through  Professor  Kkueger's  courtesy,  we  have  notice  of  eight  more  small  planets,  found   photographically,  the  first 
and  last  by  Dr.  Wolf,  and  the  others  by  Mr.  Chaulois. 


1893  Q 
E 
S 
T 
U 
V 

w 

X 


12" 

1  1 

12 

12 

13 

13 

12 

124 


.March  16  12  0  < ireenw.  M.T.  1  1    1  1    24  +    8  52 

17  11  21  Nice  M.T.  12   19   H'.  +4  38 

17  12  30     "         •'  10  50   16  +16  50 

19  10  55     "        "  11    52  52  +11   29 

19  10  55     "        "  12      1    12  +14  20 

21  10  40      ••         •'  12     8   52  —   2     9 

21  10  40     "        "  12   20  36  —  7  25 

21  12  0  Heidelberg  M.T.  12   2  1   32  —0  43 


Daily  Motion 
-4os  in  «,  and  5'  northward. 


—56s 

—44s 
—52s 
— 56* 

—  52- 
— 52s 
—40* 


The  asteroids  of  1892  from  0  onward  have  received  numbers  as  follows 


1892  0  (Cuaklois,  Nov.  23)  =  no.  345 

p  (         '>              ••      25)  =  "    346 

Q  (         '•              "     28)  =  "    347 

R  (                          "      28)  =  "    34S 


1S92  S  (CnARi.ois,  Dec.  8) 

T  (                        "     9) 

U  (          •'              "    14) 

V  (Wolf,           "   16) 


not  numbered 
=;  no.  349 
=    "    350 
=    "    351 


Mr.  ChaulOis  has  assigned  Dames,  as  below,  to  four  of  those  discovered  by  him. 


314     1891  Sept.  1,     Rosalia 
316  Sept.  8,     Goberta 


317     1891  Sept.  11,     Boxana 
349     1892  Dec.     9,     Dembowska 


COKRIGENDUM. 


Vol.  XII,  p.  185,  Aug.  28,    for     870°.26    put     275°.24;  and    fur    S0".21     put     79".89 


CON  T  F.  N  T  S  . 
Observations  ok  the  South  Polar  Cap  of  Mars  at  the  Opposition  of  1892,  by  Prof.  George  C.  Comstock. 
On  tut  Elements  and  Light-Variation  of  6981  U  Aquilae,  by  Mr.  Paul  S.  Tendell. 
Contributions  to  the  Knowledge  of  the  Variable  Stars,  VII,  by  Dr.  S.  C  Chandler. 
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OBSERVATIONS    AND   PERIODS   OF   SOME   SOUTHERN    VARIABLES. 

By  ALEXANDER  W.   ROBERTS. 


L2  Puj'pis. 
a  =  7*>  9"'  53*     ,     6  =  —44°  26'. 7   (1880.0) 
Iii  computing  the  elements   of   L-,  Puppis   the   following 
dates  of  maxima  have  been  used. 


Spoch 

0— C 

—  19 

+  10.0 

5 

+  35.3 

3 

+  62.2 

2 

+  69.1 

—   1 

+  68.0 

5poch 

Observed  Max. 

Julian  Day 

Observer 

0— C 

d 
+   5.8 

-56 

1872  Mar.  29 

2  404882 

Gould 

55 

Aug.  in 

5  01  6 

fc< 

+   2.G 

51 

1874  Feb.     8 

5563 

tl 

+   0.8 

50 

.1  une  25 

5  700 

(( 

+   0.6 

19 

18si',  Jan.    I'd 

9  927 

Williams 

—25.9 

5 

1891  May     4 

241  is:.  7 

Roberts 

—  16.9 

3 

1892  Feb.  27 

2  1 56 

tt 

+    7.7 

2 

July   19 

2  299 

t  i 

+  13.5 

—   1 

Dec.     1 

2  434 

(4 

+  11.3 

Giving  equal  weights  to  these,  we 

find 

p  =   137d.21  E  =  2  412559". 9  =  1893  April  5.9 

with  the  discordances  given  in  the  column  O — C  above. 

The  period  136d.05  proposed  by  Mr.  Stanley  Williams, 
with  the  epoch  of  maximum  brightness  1878  March  16.  does 
not  satisfy  later  measures,  but  gives  the  discordances, 


The  light-curve  is  very  irregular  ;  none  of  the  four  curves, 
plotted  down  from  the  Lovedale    measures,  corresponding 

markedly  with  one  another. 

II  Garivae. 

a  =  9*  L'7"  :;.V  .  <!  =  —56°  30'.3  (1880.0) 
In  computing  the  period  of  this  variable  the  following 
measures  wire  used  :  ( I )  two  measures  made  at  Melbourne 
by  Mr.  F.i.lkky  in  1867;  (2)  foni  maxima  observed  at  Cor- 
doba (U.A.  251  )  ;  (3)  the  exceedingly  i  a  hi  able  observations 
made  by  Mr.  Tebbdtt  from  1880  onwards;  (4)  the  obser- 
vations made  at  Lovedale  from  1891  onwards. 

(1  )  Melbourne  Measures.  Mr.  Ki.leky  found  the  star  6A 
mag.  on  March  31,  and  6.0  mag.  on  April  3,  1867.  An  ex- 
amination of  recorded  measures  indicates  thai  RCarinae 
takes,   on   an   average  twenty  days   to  pass  from  6M.5  to  a 


maximum.  The  two  observations  would  therefore  give  a 
maximum  on  1867  April  20.  In  the  compulations  weight- 
unity  is  given  to  this  date. 

(2)  Cordoba  .Ventures.  The  dates  of  maxima  in  the 
Uranometria  Argentina  are  1871  July  17.  1872  June  10, 
187-'!  April  12,  and  1874  March  4.  To  each  of  these  a 
weight  3  is  given. 

(3)  Windsor  Measures.  In  order  to  obtain  the  dates  of 
maxima  and  their  relative  values  with  as  much  accuracy  as 
possible,  all  the  full  and  very  valuable  series  of  observations 
made  by  Mr.  Tebbutt  were  (dotted  down,  and  light-curves 
drawn.  With  some  curves  no  difficulty  was  experienced  in 
readily  determining  the  date  of  maximum  brightness;  with 
others  this  determination  was  not  so  easy.  For  instance,  in 
May  1884,  April  1.S85,  January  1886,  December  ls86,  and 
April  1890,  the  time  of  maximum  is  well  marked  :  while  for 
others,  such  as  those  of  September  1882  and  July  1883,  ms 
well  as  those  at  Lovedale  in  January  1892.  and  November 
1892,  there  is  no  distinct  maximum  point. 

With  curves  of  the  second  class  I  have  taken  as  the  date 
of  maximum  brightness,  the  point  where  the  star  ceased  to 
increase  in  brightness,  that  is,  the  intersection  of  the  ascend- 
ing curve  and  the  almost  horizontal  line  passing  through  the 
points  of  maxima.  Eleven  maxima  have  been  obtained 
from  the  Windsor  measures  as  given  in  the  table  below. 

(  I  )  Lovedale  Measures.  The  two  dates  given  by  the 
Lovedale  measures  are  1892  January  1,  weight  •">.  and  1892 
Nm  ember  '■'•.  weight  3. 

The  18  dates  mentioned  give  tin-  table  of  maxima  as  fol- 
lows, assuming  189:!  September  21  as  the  principal  epoch  of 
maximum,  and  a  period  of  31 1  days. 


Epocli 

Obs'd  Max. 

wt. 

C— O 

+  10 

Epoch 

Obs'd  Max. 

wt. 

C— i) 

d 

—14 

—31 

1>i; 7  Apr.  20 

1 

—  11 

1884  May  24 

2 

26 

1871  July  17 

3 

+  16 

10 

1885  Apr.    5 

•j 

—19 

2  5 

1872June  10 

3 

•> 

9 

1 886  J  an.  27 

3 

—  5 

21 

is;:;  Apr.  12 

3 

+   3 

8 

Dec.     8 

•j 

—   9 

2:: 

1871  Mar.     1 

:; 

—  12 

7 

I8870ct.   13 

1 

—  7 

15 

1880  Dec.  16 

1 

—  3 

5 

1889  June  23 

3 

—   4 

1  1 

1881  <>rt.  13 

3 

+    . 

4 

1890  Apr.  13 

3 

+  1.'! 

13 

1882  Aug.  2:; 

■"> 

+    4 

2 

1892  Jan.    1 

3 

+    7 

—  12 

1883  July     3 

3 

+    1 

-   1 

Nov.    3 

3 

+  11 
(49) 

50 
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A  solution  of  the  resultant  equations  gives 

1p  =  — 04.02  IE  =  — 0d.72 

The  corrected  elements  of  li  Carbine  are  therefore 
Period  310d.98  Epochof  maximum  1893  Sept.  20.28 
A  computation  taking  equal  magnitudes  before  and  after 
maxima,  yields  a  period  of  310*. 6,  bul  as  the  number  of 
observations  used  extend  over  considerably  fewer  years  than 
the  series  given  above,  it  is  entitled  to  less  weight.  It  indi- 
cates, however,  that  the  period  of  R  Cannae  hitherto  given 
is  too  great. 

li  Muscae. 

a  =  12»  .'U">  46"  ,  .!  =  — «S°  44'. '.1  (1880.0). 
The  observations  taken  at  Lovedale  from  May  1891  to 
January  1893,  were  collected  in  groups  of  30  days,  and  then 
the  observations  in  each  group  were  reduced  to  a  mean  curve, 
the  period  used  in  reducing  being  0J.8823.  When  the  number 
of  observations  in  any  group  was  less  than  four  no  mean  curve 
was  constructed.  The  dates  of  maxima  and  minima  obtained, 
the  number  of  observations  in  each  group,  as  well  as  the  prob- 
able weight  of  each  set,  are  given  iu  the  following  table. 

No.  obs'ns 


-20 
18 

17 
16 
13 
12 

it 

,K 

7 
fi 
5 
4 
3 


0 


Maxima 

181)1  May  20.45 
July  19.50 
Aug.  18.45 
Sept.  17.56 
Dec.    16.48 

1892  .bin. 
Apr. 
May 
June 
Julv 


15.55 
14.46 
14.49 
13.47 
13.  is 


Sept. 
Oct. 

Nov . 

Dec. 

1893  Jan. 


Aug.  12.48 
11.50 
1 1.  .50 
10.55 
10.57 


9.54 


Minima 

Julv  19.20 
Aug.  18.16 
Sept.  17.26 
Dec.  16.20 
15.27 
14.16 
14.20 
13.22 
13.22 
12.19 
11.20 
11.20 
10.27 
10.30 
9.22 
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1892  Jan. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1893  Jan. 


in  set     wt. 

7  1 

34  3 

5  1 

4  1 

5  1 
6 

13 
II 
16 
2  2 
18 


7 
6 
9 
4 

11 


Assuming  the  approximate  values 
E  —  Epoch  for  principal  maximum  =  1893  Jan.  9.50 
•'       "  "        minimum   =  Jan.  9.22 

P  =  Time  required  for  34  periods    =  30d.O 
we  have  the  data 


p 

Maxima.  O — C 

Minima,  O- 

d 

d 

20 

+  0.C 

— 

18 

.00 

+  0.02 

17 

+ 

.05 

+    .06 

16 

— 

.06 

—  .04 

13 

+ 

.02 

+    .02 

12 

— 

.05 

—   .05 

9 

+ 

.04 

+    .06 

8 

+ 

.01 

+    .02 

7 

+ 

.03 

.00 

6 

+ 

.02 

.00 

5 

+ 

.02 

+    .03 

4 

.00 

+    .02 

3 

.00 

+    .02 

2 

— 

.05 

—  .05 

-1 

— 

.07 

—  .08 

0 

—0.04 

0.00 

From  these  I  deduced  the  values  for  the  maxima 

E  =  1893  Jan.  9.515  ±  0''.(H  1         P  =  :;ir'.(i<i-J  ±  0d.00l 

and  for  the  minima 

1893  Jan.  9.221  ±0". 012  80d.0015±0d.00l 

With  these    elements    the   following   residuals   have   been 

computed  : 


P  Obs'd  Maxima 

-20 

18 

17 

16 

13 

12 
9 

8  May   14.49       -  .009 

7  June  13.47     —  .031 

6  Julv    13.48     —   X23 

5  Aug.  12.48     —  .025 

4  Sept.  11.50     —  .007 

3  Oct.    11.50     —  .009 

2  Nov.  10.55     +    .039 

-   1  Dec.   10.57     +    .057 

0     1893  Jan.     9.54      +0.025 


O— C 

1891  May  20.45  —0.025 
Julv  19.50  +  .021 
Aug.  18.45  —  .031 
Sept.  17.56  +  .077 
Dec.    16.48     —  .009 

1892  Jan.  15.55  +  .059 
Apr.  14.16  -  .037 
May  14.49 
June  13.47 
Julv  13.48 
Aug.  12.  18 
Sept.  11.50 
Oct.  11.50 
Nov.  10.55 
Dec.   10.57 

1893  Jan.      9. 54 


Obs'd  Minima      0— C 

d 

Julv    19.20      +0.OH.'! 
Aug.  18.16     —  .038 

Sept.  17.26      +    .060 


Dec. 

16.20 

— 

.iMM 

Jan. 

15.27 

+ 

.064 

Apr. 

14.16 

— 

.050 

May 

14.20 

— 

.012 

June 

13.22 

+ 

.007 

Julv 

13.22 

+ 

.005 

Ann. 

12.19 

— 

.026 

Sept 

11.20 

— 

.018 

Oct. 

11.20 

— 

.019 

Nov. 

10.27 

+ 

.049 

Dec. 

10.30 

+ 

.078 

Jan. 

9.22 

—0.004 

We  may  thus  consider  the  results  from  the  observations 
of  maxima  and  of  minima  as  equally  probable,  so  that  by 
combining  them  we  have  for  the  elements, 

Max.,    1893  Jan.  9.515±0".Oll  +  f0d.882405±0d.00002)n 
Min.,     1893  Jan.  9.224  ±0''.01  2  +  (0d.882405±0d.00002)w 

The  light-curve  is  exceedingly  regular,  the  rise  to  maxi- 
mum being  uninterrupted  :  after  maximum  also  the  star  ap- 
pears to  decline  steadily  and  regularly.  The  period  of 
increase  indicated  by  the  elements  is  0.291  days,  or  very 
nearly  seven  hours.  The  period  of  decrease  is  twice  as 
great. 

R  Trianguli  Australia. 

a  =  151'  9'"  38  ,  <5  =  —  66°  3'.2  (1880.0). 
The  observations  of  this  star  were  grouped  in  sets  of  61 
days,  and  a  mean  curve  drawn  for  each  group  of  observa- 
tions. The  period  used  in  reducing  was  3.389  days.  The 
following  are  the  dates  of  maxima  and  minima  thus  obtained, 
with  the  number  of  observations  and  relative  weight  of  each 
group. 


p 

Maxima 

Minima 

No.  obs. 

wt. 

—  10 

1891  Mav   20.5 

1891 

Mav    23.1 

21 

2 

9 

Julv    20.5 

Julv    23.0 

37 

3 

5 

1892  Mar.  20.5 

1892 

Mar.   23.2 

8 

1 

4 

Mav    20.5 

May    23.0 

28 

2 

3 

Julv    20.55 

Julv    23.0 

17 

2 

2 

Sept.  19.54 

Sept  22.1 

7 

1 

—   1 

Nov.  19.55 

Nov.  22.1 

14 

•2 

0 

1893  Jan.    19.60 

1893  Jan.    22.18 

10 

1 

A  preliminary  computation  for  the  dates  of  maxima  yields 
the  approximate  values, 

E  =  1893  Jan.  19.57  P  =  61d.01 

P  being  the  multiple  corresponding   to   18  single  periods  : 
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and  determining  the  corrections  to  these  quantities  by  the 
residuals  and  weights  in  the  following  table  we  obtain 
IE  =  —  0d.006     ,      IP  =  —  0d.002.r)     ,      P  =  61". 0117.". 
The  residuals  from  the  approximate  values  are 
/' 


10 

Maxima.  0 — C 
—0.03 

M 

iuiraa,  0 — C 

d 

—  0.(1.". 

wt 

9 

—   .02 

+    .06 

3 

."> 

+    .02 

—   .10 

l 

4 

+    .03 

+    .11 

2 

3 

—   .01 

+    .12 

2 

2 

—   .02 

+   .03 

1 

1 

4-    .01 

+    .04 

2 

0 

—o.o.°. 

—0.03 

1 

Thus  from  the  maxima  only  we  obtain  the  elements, 

Max.   =    1893  Jan.  19.564"  +8d.3893« 
Similarly  we  find  from  the  minima, 

Min.  =  1893  Jan.  22.092  +  8?.88921  n 
The  interval   from   maximum  to  minimum   is  2d.528,  and 
that  from  minimum  to  maximum  again  0''.861. 

k  Pavonis. 

a  =  18h  44'"  34"     ,     i  =  —67     22'.8  (1880.0). 
The  observations  dining   1891   and    1892  were  combined 
into   sets   of   45   days,    and    mean    curves    constructed,    the 
Lovedale,  Alice,  South  Africa. 


period  used  in  reducing  being  9d.100.  The  following  were 
the  dates  thus  obtained  for  the  maxima  during  1891  and 
1892.     When  the  observations  in  any  period  were  so  few  as 

not  to  indicate  with  tolerable  exactness  the  mean  maximum, 
no  reductions  were  made. 


p 

Maxima 

wt. 

o— c 

—  13 

1891  May  21.78 

1 

+  0.02 

12 

July     6.30 

1 

.00 

1  1 

Aug.  20.85 

1 

—  .05 

9 

Nov.  19.75 

1 

+    .05 

5 

1892  May  19.73 

1 

+    .07 

4 

July     l.io 

1 

—   .10 

3 

Aug.  19.00 

1 

—  .20 

2 

Oct.    3.20 

* 

+  0.10 

Assuming  E  =  1893  Jan.  2.30,  and  P  the  duration  of 
ti v I-  periods,  =  45d.50,  we  have  from  the  data  of  the  table, 

//•;  =   +0''.077     .       IP  —    +0d.0072 
which  give 

Max.   =    1893  Jan.  2.377  +  9J.101  1  n 
The  minimum   of   tin.-   variable  is  not   clearly  marked,  the 
curve  having  the  appearance  of  a  truncated  cone  placed  on 
a  level  plain. 

The  time  used  in  the  above  discussion  is  thai  of  the 
meridian  22£°  East  of  Greenwich.  The  method  of  observa- 
tion is  that  of  Argei.ander. 


OPPOSITION"   OF   MARS,  1892, 

OBSERVATIONS   OF    DECLINATION   MADE   WITH    THE   4.S-INCI1    MERIDIAN   CIRCLE  OF   THE    WASHBURN    OBSERVATORY,    MADISON,    WIS., 

liv  A.   S.   FLINT,   Assistant  ASTRONOMER. 
[Communicated  by  George  C  Comstock,  Director.] 
The  following  statement  of  results  is  given  out  [lending      making  the  pointings  at  the  telescope,  wliile  the  other  read 


their  detailed  publication  in  the  volumes  of  this  <  Observatory. 
The  method  of  observing  recommended  iu  Professor  East- 
man's circular  was  followed  strictly;  but,  on  account  of  the 
inadaptability  of  the  prism  first  received,  the  reversing 
prism  did  not  come  into  use  until  July  21.  Otherwise  the 
general  conditions  of  observing  were  the  same  as  with 
previous  work  with  this  instrument.  The  normal  observa- 
tion consisted  of  four  bisections  of  the  object  symmetrical 
with  reference  to  the  middle  transit-thread,  the  prism  being 
reversed  nil  the  passage  of  the  middle  group  of  transit- 
threads,  (hi  the  stars,  the  li i>t  and  fourth  bisections  were 
made  with  one  of  the  declination-threads,  the  second  and 
third  bisections  with  the  other.  The  equatorial  distances 
Of  bisection  from  middle  thread  were  10'  and  14\  An  effort 
was  made  to  bring  the  declination-threads  to  the  distance 
16",  recommended  in  Professor  Eastman's  circular,  but  it 
was  found  to  be  impracticable.  In  the  absence  of  facilities 
for  mounting  a  pair  of  threads  at  a  required  distance  with 
exactness,  the  regular  threads  at  their  normal  distance  11" 
were  employed  throughout. 

The  microscopes  were  read  twice  on  Mars,  bul  in  general 
only  once  on  the  stars.  The  same  eyepiece,  of  power  149. 
was  used  throughout.  With  the  exception  of  a  few  nights, 
the  two  observers  worked  together,  one  on  alternate  nights, 


the  microscopes.  All  tin'  declinations  given  are  corrected 
for  refraction  (Pulkowa  Tables),  reduction  to  the  meridian', 
sine  and  cosine  flexure,  division-correction  :  and,  where  re- 
quired, for  inclination  of  threads,  thread  of  bisection,  system- 
atic difference  for  prism,  and  systematic  difference  between 
circle  west  and  circle  east.  With  very  few  exception-  the 
circle  was  set  finally  for  each  object  by  means  of  the  first 
reading  microscope  and  the  fine  motion,  so  that  the  micro- 
scope heads  always  read  very  nearly  zero  seconds;  and.  as 
the  error  of  run-  was  examined  and  adjusted,  if  necessary, 
at  each  reversal  of  tin-  instrument,  tlii-  error  was  neglected 
as  insensible.  Also  the  errors  of  the  micrometer-screw,  as 
resulting  from  previous  investigation-,  were  neglected  as  in- 
sensible. The  declinations  of  Mars  were  corrected,  in  ad- 
dit  ion.  for  defecth  e  illumination. 

The  inclination  of  the  threads  was  deduced  from  all  the 
extreme  bisections  of  the  stars,  with  tin'  result:  correction 
to  declination  =  (— 0".O2O4  ±0".00026)t,  where  t  is  the 
equatorial  interval  in  seconds  of  time. 

The  distance  between  the  threads  was  deduced  both  from 
all  the  nadir  observation-  and  from  all  the  complete  -tar  ob- 
servations. The  former  gave  11". 13  ±0".016,  the  latter 
11". 07    ±o".014. 

Previous  to  July  21  a  series  of  correction:-  to  observations 
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made  without   the  prism  have  to  be  considered.     For  the 

stars  this  correction  was  deduced  from  the  same  data  that 
were  employed  for  inclination.  The  results  were  zero  for 
observer  C,  and  +  o".l34  ±0".058  for  observer  F.  For 
Mars  all  the  observations  made  with  the  prism  were  dis- 
cussed, and  the  results  plotted  in  curves  for  the  separate 
observers.  On  the  assumption  that  the  correct  ion  was  a 
function  of  the  apparent  diameter  of  Mars,  the  correction 
for  any  date  previous  to  J  illy  -1  was  taken  from  the  curve 
for  the  date  on  which  Mars  had  the  same  apparent  diameter 
as  Oil  the  date  in  question.  The  highest  correction  shown 
in  the  curves  is  about  +0".60  for  both  observers. 

The  mean  results  for  declinations  of  the  stars  were  com- 
pared for  systematic  difference  between  circle  west  and 
circle  east.  The  result  for  observer  C  was  so  small  that  it 
was  neglected  ;  but,  for  observer  F,  the  declinations  both 
of  the  stars  and  of  Mars  were  corrected  in  consequence  by 
±0".38  according  as  the  circle  was  west  or  east.  The 
probable  error  of  this  correction  is  ±  0" .017. 


The  probable  error  of  a  single  observed  declination  of  a 
star,  as  deduced  from  all  the  observations,  is  fairly  repre- 
sented by  ±0".40.  The  magnitudes  of  the  stars  appear  to 
make  no  sensible  difference,  although  at  times  the  fainter 
stars  were  difficult  on  account  of  a  thick  sky. 

The  corrections  to  the  American  Ephemeris  from  the  final 
declinations  of  Mars,  as  corrected  by  means  of  the  compari- 
son-stars, were  plotted  in  a  curve  for  both  observers  to- 
gether. It  is  evident  that  there  is  no  systematic  difference 
between  the  observers.  The  curve  shows,  in  a  slight  de- 
gree, two  maxima  and  two  minima  :  the  former  on  July  12, 
— 0". 20,  and  August  IX,  — 1".  10  ;  the  latter,  on  Augusta, 
— 1".35,  ami  September  1 1 ,  — 1".80.  The  ephemeris  was 
corrected  for  parallax  by  the  formula 

./<S  =  8". 848   ^    sin  2' 
A 

where  2'  is  the  geocentric  zenith  distance. 

The  declinations  given  below  are  all  referred  to  the  nadir 
and  to  the  latitude  adopted  for  the  instrument,  +43°  4' 36". 72. 
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The  initial  letters,  denoting  the  observer  at  the  telescope,  are  O  for  Prof.  <!.  ('.  CoMSTOCK,  ami  F  for  Mr.  A.  S.  Fl  int. 
Washburn  Observatory.  Madison,  Wis.,  1893  March  10. 


ON   THE   ORBIT 

By  PHILLIPS  ISHA 

Introductory  Notk.  The  following  investigation  was 
undertaken  at  my  suggestion  by  Mr.  Phillips  Isiiam.  a 
member  of  the  seuior  class  of  the  University  of  Cincinnati, 
and  acting  assistant  at  the  Cincinnati  Observatory,  as  a 
graduation-thesis.  Besides  taking  a  general  oversight  of 
the  work,  I  have  assisted  somewhat  in  the  computation  of 
the  ephemeris,  and  duplicated  such  portions  as  seemed 
necessary  to  guard  against  errors.  All  observations  which 
have  come  to  hand  up  to  the  present  time  (I lie  end  of  March) 
have  been  used,  with  the  exception  of  a  few  for  which  no 
position  of  the  comparison-star  was  available.  It  is  prob- 
able, of  course,  that  more  observations  will  be  published  in 
the  near  future  ;  but  though  the  introduction  of  additional 
data  will  naturally  strengthen  the  determination,  I  do  not 
(•(insider  it  likely  that  they  will  materially  alter  the  results, 
unless  indeed  later  observations  than  it  was  found  possible 
to  obtain  at  this  observatory  were  made  elsewhere.  It  will, 
moreover,  be  a  comparatively  litiht  matter  to  recompute   the 


OF   COMET  £1892, 

M  and  J.  G.  PORTER. 

numerical  terms  and  solve  the  equations  again,  if  the  obser- 
vations hereafter  published  seem  to  warrant  it.  Since  the 
comet  during  its  period  of  visibility  did  not  pas-  very  neai 
to  any  planet,  it  was  not  thought  necessary  to  take  pertur- 
bations into  account.  An  attempt  was  made  to  determine 
the  correction  to  the  eccentricity,  but.  as  will  be  seen,  with- 
out success,  and  an  inspection  of  the  final  residuals  shows 
that  no  possible  value  of  At  woidd  materially  reduce  tin  m. 

J.    G.    PORTKR. 

The  elements  used  in  computing  the  preliminary  ephem- 
eris were  obtained  from  observations  on  Nov.  25,  Dec.  20 
and  Jan  10.      They  are  as  follows: 

T  =   1893  Jan.  6.51945  Berlin  M.T. 


g,  =  185  38  49.1 
i  =    143   51    52.1 
m  =     85   12  59.0 
log  q  =  0.0774040 
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The  comparison  of  t lie  separate  observations  with  this  epbemeris,  in  the  sense  computed  minus  observed,  are  given  in 
llif  table  below. 
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50 

4 

6 
32 
34 
34 
35 
36 

5 
47 
58 
22 
25 
26 
35 

4 

37 
17 
29 
30 
34 
45 
18 
39 
50 

8 
23 
10 
18 

5 
57 
58 
18 
54 
37 
52 
31 
35 


2  7.3 
36.5 
52.0 
50.8 
18.7 
36.9 

1.0 
26.1 
19.9 
4  2.7 
39.0 
46.9 
49.8 

1.6 
59.4 
58.8 

1.1 
36.5 
18.1 
51.2 
33.3 
59.4 

5.2 
17.8 

1.2 
34.9 
25.5 
34.8 
18.9 


+  0.95 

+  54 

+  0.82 

+  53 

+  0.71 

+53 

+  0  84 

+  53 

+  0.77 

+  51 

+  0.81 

+  51 

+  0.78 

+  51 

+  0.62 

+  48 

+  0.70 

+  48 

+  0.69 

+  48 

+  0.52 

+  47 

+  0.63 

+  46 

+  0.51 

+  43 

4.".  30.7 

20  54.7 

18  55.7 

15  48.7 

49  17.8 

45  55.0 
40  50.2 
55  48.5 
53  25. 8 

46  12.9 
31  21.8 
11  39.2 
45  21.4 


+  2.9 
+  3.6 
+  3.8 

+  3.8 
+  4.1 
+  4.0 
+  4.1 
+  3.3 
+  4.0 
+  3.3 
+  2.6 
+  4.1 
+  4.0 
+  3.1 
+  2.6 
+  3.1 
+  5.1 
+  5.6 
+3.3 
+  3.2 
+  2.0 
+  2.5 
+  2.9 
+  7.9 
+  4.6 
+  6.4 
+  1.8 
+  8.3 
+  6.6 


COS  it  J cl 


+  3.3 

+  2.1 
+  1.3 
+  5.6 
+  1.0 
+  2.2 
+  5.7 
+  0.7 
+  2.8 
+  5.7 
+  2.6 
+  2.8 
+  1.3 


+  13.5 
+  10.0 
+  22.2 
+  18.8 

+  14.5 
+  23.6 
+  9.5 
+  5.0 
+  17.6 
+  8.6 
[+28.0] 
+  6.1 
+  15.5 
+  3.4 
+  12.0 
+  6.8 
+  11.6 
+  28.9 
+  8.2 
+  17.5 
+  20.8 
+  11.5 
+  5.9 
+  11.6 
+  11.6 
+  4.8 
+  11.5 
+  19.7 
+  16.0 


J.< 


—  1.3 

—  0.6 
+    1.4 

[+51.5] 
+    1.9 

—  0.3 
+   0.7 

—  0.4 

—  2.0 
+  3.3 
+    4.7 

—  0.9 
0.0 

[  +  20.4] 
+    1.6 
+   9.2 
4.0 

—  7.0 
+  12.1 
+  3.8 
+  9.1 
+  5.9 
+  16.3 
+  15.0 
+  8.6 
+  13.2 
+  13.9 
+  17.8 
+   5.8 


57.8 

+  8.4 

4.2 

+  9.0 

2.9 

+  8.8 

54.1 

+  3.2 

8.6 

+  9.6 

0.5 

—0.2 

30.4 

+  3.8 

35.7 

+  1.2 

4.3 

+  0.1 

+  22.5 

+  18.0 

+  17.4 

+  11.3 

+  17.1 

+  12.8 

+  14.3 

+    7.5 

+  14.1 

+  22.4 

+  17.1 

+  11.2 

+    8.9 

+    7.2 

+  16.6 

+    9.3 

+  15.5 

+  8.4 

25  41.6 

+  9.1 

14   .".5.3 

+  9.:, 

27  57.3 

+  4.0 

25  33.2 

+  3.8 

6     0.2 

+  0.7 

3  34.6 

+  4.5 

4  38. 8 

+  1.7 

ii  56.0 

+  1.8 

+  19.1 
+  23.7 

[  +  31.4] 
+  18.3 

[  +  35.1] 
+  20.3 

[  +  31.5] 
+  26.1 
+   8.0 
+  16.3 
+  24.1 

[-760.6] 

[  +  33.6] 
+  10.2 
+    6.8 
+  16.1 

[  +  49.1] 
+   9.8 

[  +  48.6] 
+  23.0 
+  13.0 


—  8.2 

—  4.6 
—14.6 

—  6.2 

—  7.1 
—23.2 
—13.7 

—  8.4 
—11.8 
—12.0 
—10.7 

[-221.4] 

—  7.9 

—  12.5 
—13.5 
—11.8 

—  7.0 
—20.1 

—  10.2 
+    4.2 

—  19.4 
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No. 

Place  of  Observation 

Berlin  M.T. 

Observed  a 

Par. 

Observed  <5 

Par. 

cos  i  Ju 

J<! 

r  60 

Cincinnati 

Feb.     3.54664 

it         in         a 

23  59  25.01 

+  0*34 

+  33°  38  34".o 

ff 

+  1.9 

it 
+    7.7 

ff 

—  6.2 

61 

Cincinnati 

7.59064 

0     8     2.51 

+  0.35 

+  31      3   16.0 

+  2.6 

+  12.:; 

—   7.5 

Group  V1 1 

62 

Cincinnati 

11.55:292 

0   15     9. 1)7 

■  +0.29 

+  28  55  39.3 

+  2.1 

+  13.2 

—  6.9 

63 

Cincinnati 

13.55649 

0    18  23.77 

+  0.29 

+  27  58  46.6 

+  2.'.' 

+   9.2 

—  5.8 

l64" 

Northfield 

n.6o:;  is 

0   19  59.82 

+  0.27 

+  27  30  53.0 

+  2.8 

+  10.2 

—  7.5 

The  first  Greenwich  observation  of  Dec.  15,  as  published 
in  the  R.A.S.  Monthly  Xotices  of  January  1893,  is  incor- 
rectly reduced  in  declination.  The  error  was  corrected  and 
the  position  of  the  comparison-star  taken  from  the  Leiden 
A.G.  Zones,  instead  of  from  Lai.ande.  The  places  of 
several  of  the  comparison-stars  employed  evidently  need  re- 
determining, and  a  few  observations  have  been  rejected 
either  for  this  or  other  reasons.  Such  cases  are  indicated 
by  brackets.  Dr.  Wilson  kindly  communicated  by  letter 
the  Northfield  observation  of  Feb.  14. 


The  mean  of  the  residuals  for  each  group  was  adopted  as 
the  correction  to  the  ephemeris  for  the  middle  time,  and  the 
differential  coefficients  for  these  times  were  computed,  thus 
furnishing  the  following  equations  of  condition,  in  which 
the  unit  for  AT  is  the  third  decimal  place,  that  for  lq  the 
fifth  place,  and  that  for  Ae  the  fourth  place.  The  last 
column  shows  the  residuals  which  result  by  substituting  the 
values  of  the  unknown  quantities  as  derived  from  the  solu- 
tion of  the  normal  equations. 


Equations  of  Condition. 


Frim 

Riii  lit-  Ascensions. 

Res  id 

1 

0 

__ 

+  11.7 

—0.187   h 

+  0.616. JQ 

—0.526.7/   +0.091  AT—  O.WOAq  — 0.512z/e 

+  0.3 

2 

0 

rrr 

1  i:;.s 

+  0.310 

—0.322 

—0.941 

—  1.629 

—  1.060 

—0.942 

0.0 

3 

0 

LZH 

+  15.9 

+  0.807 

—1.291 

—0.968 

—3.385 

—  1.098 

—1.016 

—2.0 

I 

0 

= 

+  21.5 

+  1.469 

—2.674 

+  0.697 

—5.658 

+  0.337 

+  0.281 

—2.8 

5 

0 

- — : 

+  14.2 

+  0.302 

—0.440 

+  1.03  3 

—1.440 

+  0.887 

+  0.607 

+  1.0 

6 

0 

= 

+  10.5 

—0.183 

+0.544 

+  0.644 

+  0.IH  7 

+  0.766 

+  0.237 

0.0 

From  Declinations. 

7 

0 

zzz 

+    1.1 

+  O.707zfa 

— 1.122  ASi 

— 0.267. /(  —1.766 

IT  +  1.467  Aq  — l.OlOz/e 

+  2.0 

8 

0 

= 

+    8.5 

+  1.154 

—2.039 

—0.184 

—3.786 

+  2.032 

—  1.447 

+  1.0 

9 

0 

= 

+  12.0 

+  1.276 

—2.340 

+  0.197 

—4.448 

+  2.182 

—1.111 

+  0.8 

10 

0 

= 

—10.3 

—0.61:; 

+  1.088 

+  0.764 

+  2.261 

+  2.346 

—0.107 

—1.9 

11 

0 

= 

—  11.3 

—1.004 

+  1.796 

—0.189 

+  3.366 

+  1.907 

—  1.018 

+  0.:; 

12 

0 

= 

—  6.8 

—0.672 

+  1.108 

—0.323 

+  1.770 

+  1.419 

—0.947 

— 2..s 

Normal  Equations. 

0 

^z 

+    96.9! 

+   8.526 

in  —14. 764.  IQ,    +0.0:11    //  - 

29.286^T  + 

1.4  19/  lq 

2 

541  Ae 

0 

= 

— 160.94 

—14.764 

+  26.338 

—0.405       + 

51.391 

2.967 

+  4.077 

0 

= 

—     1.2: 

+   0.031 

—  0.4  05 

+  4. 

935       + 

.0.277        + 

4.738 

+  3 

849 

0 

1ZZ 

—375.9," 

—29.286 

+51.391 

+  0. 

277        +105.079 

3.419 

+  9 

366 

0 

= 

—  23.  Tc 

+    1.419 

—  2.967 

+  4 

738       — 

3.419         + 

26.622 

— 7 

035 

0 

= 

—  25.65 

—  2.54  1 

+    4.077 

+  3.849        + 

9.366        — 

7.035 

+  8.978 

The  solution  shows  that  Ae  is  indeterminate.  It  was 
therefore  assumed  zero.  The  solution  was  also  repealed  in 
the  inverse  order,  beginning  with  lq,  in  order  to  obtain  the 
weights  of  the  different  quantities.  The  sum  of  the  squares 
of  the  residuals  given  by  the  equations  of  condition  being 
30.0,  we  find  the  probable  error  of  the  unit  of  weight  by  the 
formula 


0.674 


5     I     30 

\12—  5 


1.40 


The  probable  errors  of  the  quantities  resulting  from  the 
solution  of  the  normal  equations  are  then  found  by  dividing 
r  by  the  square  root  of  their  respective  weights.  We  thus 
obtain  : 


An  =  —  1.7  ±3.0 
AQ,=  —21.4  ±1.7 
Ai  =  —  3.2  ±0.7 
Aa    =   +19.7    ±3.5 


AT=   +0.01363      ±0.00072 
Aq  =   +0.0000096  +  0.0000030 
Ae    —       0 


Hence  the  final  values  of  the  elements: 

T  =  1893  Jau.r6. 53308  ±72  Berlin  M.T. 

Q  =  185° 38' 27.7  ±1-7") 

i   =   143  51    48.9  ±0.7  [•  1892.0 

o>  =     85    13   18.7  ±3.5  ) 

log  q  =  0.0774075  ±11 

With  these  elements  the  formulas  for  the  heliocentric  co- 
ordinates become  : 
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9.9992698]?'  Biu(850  89  89.5  +-v)  \ 
"9.7081  OSOIr  Biu(   75     3     1.0  +v)      18! 


9. 

9.7081080]r  siu( 

9.9353835]r  sin(  82  31 


11.7  +v 


)\ 


J2.0 


9.9992656]r  sin(850  38  58.5  +  v)  ' 
9.7081212]?-  sin(   75     1   31.8  +  i>)  S- 
9.9353820]?-  siu(  82  36  48.3  +  u) 


A-  a  final  check  the  normal   places  were  recomputed  with 
the  new  system  of  elements;  the  residuals  coming  out  sub- 


stantially the  same  as  by  direct  substitution  in  the  equations 
of  condition. 

lu  order  to  exhibit  the  residuals  of  the  separate  observa- 
tions, the  ephemeris  was  recomputed  for  intervals  of  a  few 
days,  and  the  corresponding  corrections  to  the  former 
ephemeris  plotted.  A  curve  drawn  through  these  points 
then  furnished  with  tolerable  accuracy  the  correction  for  any 
other  date.  In  this  way  the  following  table  was  formed,  in 
which  the  numbers  correspond  to  those  in  the  first  table. 


N... 

Place 

Date 

cos  i  da 

J<S 

No. 

I'lace 

Date 

cos<5  da 

j<i 

1 

Cambridge,  Mass. 

Nov.  21 

+    2.5 

+   0.7 

33 

Dresden 

Dec.   24 

rr 
—  1.9 

it 

—  2.5 

2 

Wien 

24 

—  1.3 

+    1.1 

34 

Hamburg 

25 

—  3.1 

+  11.9 

3 

Copenhagen 

24 

+  10.9 

+   3.1 

35 

Lyons 

28 

—  2.8 

—  0.5 

4 

\\  ien 

25 

+   7.5 

+  52.8 

36 

Cincinnati 

28 

—  11.0 

—  4.5 

5 

Kiel 

25 

+   3.2 

+   3.2 

37 

Lyons 

29 

—  4.2 

—  2.4 

6 

Kouigsberg 

25 

+  12.3 

+    1.0 

38 

Lyons 

29 

—  5.3 

-  3.3 

7 

Copenhagen 

25 

—   1.8 

+   2.0 

39 

North  lield 

Jan.      7 

—  6.4 

—  0.2 

8 

Kremsmuuster 

25 

—  6.3 

+    0.9 

40 

Cincinnati 

9 

+    1.7 

+   5.6 

9 

Kouigsberg 

26 

+   6.2 

—   1.1 

41 

Poughkeepsie 

10 

+  10.1 

—  4.8 

10 

Padua 

29 

—  3.0 

+  3.3 

42 

Cincinnati 

10 

—  3.0 

+   4.6 

11 

Cincinnati 

29 

+  16.4 

+   4.7 

43 

Poughkeepsie 

11 

+  15.0 

+   4.7 

12 

Strassburg 

30 

—  5.6 

—   1.1 

44 

Poughkeepsie 

11 

+   0.2 

—  11.4 

13 

Kopenhageu 

30 

+   3.8 

—  0.2 

45   - 

Poughkeepsie 

13 

+  13.5 

+   0.1 

14 

Padua 

30 

—  8.3 

+  20.2 

46 

Cincinnati 

13 

+  8.1 

+   5.4 

15 

Cincinnati 

30 

+   0.3 

+    1.4 

47 

Cincinnati 

15 

—  8.2 

+   2.4 

16 

Padua 

Dec.     1 

—  5.0 

+   8.8 

48 

Poughkeepsie 

16 

+  0.4 

+    2.1 

17 

Greenwich 

12 

—  1.1 

—  8.7 

49 

Northfield 

16 

+   8.2 

+  3.4 

18 

Greenwich 

15 

+  15.8 

—  13.0 

50 

Poughkeepsie 

16 

- 

- 

19 

Greenwich 

15 

—  4.9 

+   6.1 

51 

Poughkeepsie 

17 

+  18.4 

+   6.0 

20 

Cincinnati 

17 

+   4.0 

—  3.2 

52 

Cincinnati 

17 

—  5.0 

+   1.4 

21 

Poughkeepsie 

17 

+   7.3 

+   2.1 

53 

Poughkeepsie 

17 

—  8.4 

+   0.4 

22 

Kremsmiiuster 

18 

2.2 

—   1.4 

54 

Cincinnati 

19 

+   2.2 

+   1.0 

23 

Kremsmiiuster 

19 

—  7.9 

+   8.8 

55 

Poughkeepsie 

19 

+  35.2 

+  5.8 

24 

Hamburg 

20 

—  2.4 

+   7.2 

56 

Poughkeepsie 

19 

—  4.1 

—  7.3 

25 

Kremsmiiuster 

20 

—  2.4 

+   0.8 

57 

Poughkeepsie 

20 

+  35.4 

+   1.8 

26 

Cincinnati 

20 

—  9.2 

+   5.4 

58 

Poughkeepsie 

21 

+  10.2 

+  15.2 

27 

Poughkeepsie 

20 

—  2.5 

+   6.1 

59 

Cincinnati 

23 

+    1.0 

—  9.6 

28 

Hamburg 

22 

+   4.5 

+   9.1 

60 

Cincinnati 

Feb.     3 

—  2.9 

—  1.4 

29 

Hamburg 

22 

+   0.8 

—  2.9 

61 

Cincinnati 

7 

+    1.8 

—  3.4 

30 

Greenwich 

23 

+   6.8 

+    8.4 

62 

Cincinnati 

11 

+    2.7 

—  2.9 

31 

Hamburg 

24 

+    1.2 

+    1.4 

63 

Cincinnati 

13 

—  1.3 

—  1.9 

32 

Hamburg 

24 

+  0.9 

+   2.8 

64 

Northfield 

14 

—  0.2 

—  3.6 

Observatory.  Cincinnati,  Ohio. 


NEW   ASTRONOMICAL  WOKK. 


Catalogue  of  the  Magnitudes  of  Southern  Stars  from  0°  to  — 30°  Decli- 
nation, to  the  Magnitude  7.0  inclusive.  By  Edwin  F.  Sawyer. 
Cambridge,  1893. 

This  work  consists  of  a  determination,  made  between  the  years 
1882  and  1887,  of  the  magnitudes  of  3415  stars  from  the  equator  to 
30c  south.  The  average  number  of  observations  to  each  star  is 
four.  The  system  of  magnitudes  adopted  is  that  of  the  Uranome- 
tria  Argentina,  ami  the  mode  of  observation  is  that  of  sequences, 


by  Argelander's  method.  The  fact  that  eight  new  variables  were 
discovered  during  the  progress  of  the  work,  —  most  of  which  have 
short  periods  ami  small  range,  and  all  of  which  have  been  con- 
firmed, —  is  the  best  testimony  to  its  inherent  accuracy.  The  form 
of  publication  permits  the  identification  of  the  brightness  of  each 
star  on  the  individual  dates  of  observation,  and  the  probable  error 
of  a  single  determination  of  magnitude  is  ±0M.059.  It  appears  to 
lie  the  most  important  and  accurate  photometrical  work  which  has 
appeared  within  a  decade. 


CONTENTS. 
Observations  and  Periods  of  Some  Southern  Vahiabi.es,  by  Mr.  Alexander  \V.  Roberts. 
Opposition*  oe  Mars,  1892,  by  Prof.  A.  S.  Flint. 

On  the  Orbit  of  Comet  ;/  1892,  by  Mr.  Phillips  Isham  and  Prof.  J.  G.  Porter. 
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ON    THE   CONSTANT   OF   ABERRATION, 

By  s.  c.  chandler. 

III. 

§6.     Strlvk's  Prime- Vertical  Observations,   1840-55. 


We  now  come  to  a  series  which  in  intrinsic  importance, 
as  well  as  historical  interest,  holds  a  unique  position  in 
modern  astronomy.  In  either  of  these  aspects  it  merits  an 
especially  searching  investigation  from  the  new  point  of 
view,  with  respect  to  the  variation  of  latitude,  from  which 
we  must  now  regard  it.  Such  a  rediscussion,  of  the  obser- 
vations of  1840-42  alone,  was  made  under  the  auspices  of 
Prof.  Newcomb,  by  Messrs.  Roszel  and  Ankis  (A.J.X1I, 
pp.  10-12),  soon  after  the  discovery  of  the  427-day  period 
in  the  latitude,  under  the  assumption  that  this  term  was  the 
full  expression  of  this  variation.  A  repetition  of  the  in- 
vestigation seems  to  be  desirable  for  several  reasons.  Thus 
it  now  appears  that  the  real  form  of  the  latitude-variation  is 
materially  different,  and  in  order  to  determine  properly  all 
the  coustants  involved,  it  is  necessary  to  include  in  the  dis- 
cussion the  full  series  of  W.  Struve's  observations,  running 
up  to  1855.  It  is  also  important  to  conduct  it  in  such  a 
way  that  the  dependence  of  the  final  results  for  the  aber- 
ration upon  the  unknown  constants  for  the  latitude-variation 
shall  be  made  manifest.  It  requires  but  a  casual  examination 
of  the  normal  equations  given  in  the  paper  just  quoted,  to 
show  that,  for  some  of  the  stars  at  least,  these  equations  are 
not  entirely  independent,  a  multiplication  by  a  factor  re- 
ducing their  effective  number.  Still  again,  by  introducing 
an  assumption  of  possible  lateral  refraction  due  to  unequal 
heating  of  tin-  shutter  by  the  sun,  a  rejection  of  certain 
observations  was  made,  without  that  rigorous  examination 
of  the  effect  of  such  rejection  upon  the  constants  deduced, 
which,  it  seems  to  me,  is  required  when  any  arbitrary  mode 
of  treatment  is  adopted. 

The  method  pursued  in  the  following  investigation  has 
been  adopted  after  a  careful  consideration  of  the  circum- 
stances, as  the  one  most  suitable  to  elucidate  the  delicate 
questions  involved.  It  is  impossible  to  specify  all  of  them 
here.  Referring  to  §1  for  a  general  presentation  of  the  con- 
ditions required  for  a  determinate  solution,  and  to  the  dis- 


tribution of  Struve's  observations  in  time,  and  of  his  stars 
in  right-asceusiou,  it  will  be  seen  that  the  problem  of  find- 
ing all  the  unknowns,  independently,  by  this  scries  is  some- 
what indeterminate.  The  main  difficulty  is  the  separation 
of  the  two  terms  of  the  latitude-variation.  This  difficulty 
would  have  disappeared  if  the  seven  stars  observed  by 
Strive  for  the  aberration,  from  1840-42  had  been  followed 
through  the  whole  interval  for  which  he  continued  only  three 
of  them  for  the  nutation,  or  possibly  even  if  the  three  stars 
had  been  observed  in  nearly  all  months  of  the  later  years, 
instead  of  being  confined  to  limited  portions  of  them. 

In  the  actual  condition  of  things,  I  have  thought  it  desir- 
able, not  only  to  make  a  direct  solution  for  all  the  un- 
knowns, but  also  an  indeterminate  one.  For  the  latter 
I  have  therefore  carried  on  the  computations  by  express 
the  other  unknowns  in  terms  of  y  and  2,  the  constants  per- 
taining to  the  427-day  term.  Then,  substituting  values  of 
these  obtained  by  extraneous  considerations  as  to  their 
probable  values,  as  shown  by  other  investigations,  we  can 
ascertain  the  limits  within  which  the  aberration  must  be  con- 
tained, by  Struve's  observations,  and  its  most  probable 
value. 

So  much  for  the  general  conduct  of  the  discussion.  As 
the  numerical  basis  of  the  discussion,  I  took  from  pp.  1  1-17, 
31-32,  of  Ntken's  Memoir  on  tin-  Nutation,  for  W.  Struve's 
observations  alone  (1840-55)  the  values  of  n  (using  the 
opposite  sign  to  conform  to  our  notation) ,  after  verifying 
them  and  correcting  one  or  two  obvious  misprints.  The 
doubtful  observations,  marked  with  an  asterisk  in  Struve's 
Mi  moir  on  the  Aberration  were  excluded.  Combining  tin- 
data  in  groups  of  a  few  days  each,  rarely  over  ten  days,  we 
have  the  mean  values  of  n,  with  their  weights,  in  Table  V . 

Forming  equations  according  to  (35),  computing  the  co- 
efficients of  (25)  with  61  =  0°. 835,   T\  =  2394  L61,  we  get 
the   following  ten  sets  of    normal  equations,   which    ai 
serve  as  the  basis  of  the  subsequent  discussion. 
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u  Ursae  Major  is,  1840-42. 


+  71.00Z  +  18.55F+ 14.602 
4-18.55       +36.27     +23.05 
+  14.60       +23.0.')     +34.76 
—  M.81       —34.28     —24.88 


—  14. 81?/  —  4.50z: 
—34.28    —10.98  : 

—  24.88     —20.22  : 
+  42.17     +   7.67  : 


—  4.50      —10.98 


-211.22      +    7.67     +28.83  = 


u  Ursae  Majoris,  1843-55. 
+  61.00A'  +  52.24F+30.14Z  —  7.87?/+  3.94z: 


+  52.24  +4.-..12 

+  30.14  +25.02 

—   7.87  —   7.77 

J-    3.94  +    1..V.I 


+  25.02  —  7.77  +   4.59 

+  15.94  —  2.33  +   0.71 

—  2.33  +20.24  +   2.83 

+   0.71  +   2.83  +40.78 


t  Draconis.,  1840-42. 

+  60.00X +23.02  F—12.54Z  —  6.31)/  +11.072: 
+  23.02  +30.65  —  8.84  —16.58  +13.34  : 
—  12.54  —  8.84  +29.35  —  1.18  —25.42  : 
-  6.31  —16.58  —  1.18  +25.60  +  3.52  : 
+  11.07       +13.34     —25.42     +3.52     +34.35: 


+  81.00.5:  +50.61  Y 
+  50.61-      +34.34 
—60.68      —36.03 
+    6.11       +    7.06 
+    1. 27       +   0.72 


Draconis,  1843-55. 

— 60.68Z  +  6.11?/  +  1.27z: 
—36.03  +  7.06  +  0.72  : 
+  46.69     —   1.84     —  0.41   : 

—  1.84      +39.88     +   4.03  : 

—  0.41      +   4.03     +41.01   : 


+  42.O0X  —  0.157 
—  0.15       +14.95 
-   4.46       +    5.52 
+    6.00      —12.48 
+    1.53      —  4.24 


o2  Draconis,  1840-42. 

—  4.46Z  +  6.00?/  +  1.53z: 
+  5.52  —12.48  —  4.24  : 
+  27.09     —  5.26    —22.17  : 

—  5.26  +20.76  +  0.39  : 
—22.17     +   0.39     +21.24  : 


o!  Draconis,  1843-55. 


+  25.00X— 16.88  Y—M.10Z—  5.66?/—  0.06z  =  —  0.30 
+  10.58  +  3.25  +  0.59  =+  0.24 
+  12.81  +  4.19  +  0.13  =  +  0.27 
+  4.19  +11.81  —  0.74  =+  0.94 
+    0.13     —  0.74     +13.19  =—  0.59 


—  16.88  +12.19 
—17.10  +10.58 

—  5.66  +   3.25 

—  0.06  +   0.59 


(3  Gassiopeae,  1840-42. 


+  37.00X+  0..22F+  3.42Z—  0.83.?/—  2.00z: 
+  0.22  +22.74  +  4.75  —17.29  —  9.68  : 
+  3.42  +  4.75  +14.30  +  3.10  —13.90  : 
-  0.83  —17.29  +  3.10  +19.20  —  0.15  : 
—  2.00      —  9.68     —13.90     —  0.15     +17.80  : 


:—    0.15 
:  +     0.10 

—  2.79 

—  1.31 
+    2.12 


—  6.78 

—  2.19 

—  1.39 
+  1.41 
+   0.82 


;—   7.57 

—  6.65 

—  3.52 
+    1.45 

—  3.09 


+  12.57 
+   5.38 

—  1.98 

—  2.82 
+   2.54 


:  +18.56 
+  11.89 
—13.84 
+  2.98 
—  3.30 


+  2.58 

+  0.27 

—  1.23 

—  0.88 
+  1.74 


+  37.00X  —  1. 


-  1.11 
+  1.70 

—  3.59 
+  1.0G 


+  24.34 

+    2.27 

—  18.27 

—  7.07 


b~  Cassiopeae,  1840-42. 

F  +  1.70Z  —  3.59//  +  l.06«=+  0.14 
+  2.27  —18.27  —  7.07  =+  0.49 
+  12.66  +  4.87  —12.02  =—  3.72 
+  4.87  +20.58  —  2.07  =—  2.18 
—  12.02     —  2.07     +16.41   =+   3.02 


b  Draconis,  1840-42. 

+24.00X+  6. 62  F— 12.322  +  7.76?/  +  10.1  lz  =  +  0.06 
+    6.62       +   4.93     —  1.96      +   0.04'     +   3.91   =+   0.39 

—  12.32  —  1.96  +19.07  —10.09  —15.41  =+  0.76 
+  7.76  +  0.04  —10.09  +  9.21  +  6.01  =—  1.13 
+  10.11       +   3.91      —15.41      +   6.01     +14.79  =—0.23 

2  Hev.  Cephei,  1840-42. 

+  14.00X  —  1.58F—  1.40Z+   0.96?/—  0.40z—        0.00 

—  1.58       +   4.21      +   5.86     —  2.78    —  4.76  =  —  0.28 

—  1.40  +  5.86  +  9.79  —  2.54  —  8.39  =  —  0.57 
+    0.9C       —  2.78     —   2.54      +    5.45     +    0.62  =—  0.09 

—  0.40      —  4.76     —  8.39      +   0.62     +   8.55  =  +   0.76 

For  the  direct  solution  we  first  eliminate  X,  Fand  Z,  add 
the  resulting  elimination-equations,  and  solve  for  ?/  and  z. 
The  values  of  the  direct  solution  for  Fand  Z  introduced  in 
(37),  and  solved,  give  »/,  C  and  ??.  We  thus  obtain  from 
the  observations  of  the  seven  stars  from  1840-42  alone, 

?/  =  — 0".055,  z  ■=  +0".032,  >,  =  +0".002, 

;  =  +0".060,  u  =  +0".088 

consequent!}'  the  aberration,  20". 533,  as  against  Struve's 
value,  20". 445,  from  the  same  material ;  a  very  surprising 
increase.  From  the  whole  data  from  1840-55,  however, 
which  is  necessarily  much  more  determinate,  we  get 

y  =  +0".007,  %—  -0".035,  13  =  +0".054, 

t  =  — 0".085,    u  =  +0".069 
Hence  the  expression  of  the  latitude-variation,  by   (30) 
and  (25),  becomes. 

<p  —  <f„=  —  0".035  cos(<— 1842  Nov. 8)  X  0°835  (43) 

—  O'UOO  cos(Q— 327°. 7) 
The  aberration  is 

20  .514 

which  would  be  the  definitive  value  from  Struve's  Prime- 
vertical  observations,  if  we  accept  the  direct  solution  as  the 
best.  But  the  indeterminate  solution  throws  doubt  upon 
this  point.  Finding  the  values  of  Fand  Z  in  terms  of  y 
and  z,  we  have 


Y 

ic, 

Z 

U)s 

u  Ursae  Majoris 

1840-184  2 

—0.021 

+  0.869  y 

— 0.095  z 

19.77 

+  (U)13    +0.161  ?/ 

+0.66o« 

19.98 

1  Draconis 

I  t 

+    .031 

+    .685 

—  .265 

21.21 

+    .029    +    .197 

+    .8  25 

25.98 

n"  Draco  11  is 

f  ( 

+    .034 

+   .833 

—  .023 

13.81 

—  .043   +    .002 

+    .832 

24.59 

f',  Cassiopeae 

(  . 

+    .049 

+    .869 

+   .238 

21.14 

—   .215  —   .521 

+    .899 

13.00 

8  Gassiopeae 

1  i 

+    .049 

+    .809 

+    .202 

23.88 

—  .305  —  .549 

+    .922 

12.36 

b  Draconis 

U 

+    .096 

+  0.480 

—  .773 

2.94 

+    .051    +    .425 

+  0.889 

12.08 

2  Hev.  Cephei 

l( 

+   .086 

+  1.853 

—  .266 

0.66 

—  .110  —  .842 

+  1.031 

1.59 

"  Ursae  Majoris 

1840-18.-,;, 

—  .041 

+  0.614 

—  .258 

27.12 

+    .026   +    .133 

+  0.719 

22.19 

1  Draco  a  is 

•• 

+    .042 

+   .392 

—  .166 

25.38 

+    .016   +    .151 

+    .482 

36.36 

(>-  Di  aconis 

1  ( 

+  0.060 

+  0.456 

—0.189 

19.39 

—0.026  —0.117 

+  0.715 

28.02 
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where  the  last  tliree  values  were  of  course  derived  from  the 
addition  of  the  two  sets  of  normal  equations  for  these  stars. 


Introducing  these  values  of  Fand  Z  into  the  second  mem- 
ber of  (37),  we  have  the  equations  of  condition. 


v  Ursae  Majoris, 

1840-1842, 

— 0.707  jj 

— 0.255  £ 

+  0.565  i 

— 

+0.012   —0.1 

—0.103  s 

=   35.0 

i  Draconis, 

it 

—  .550 

+   .811 

+    .960 

— 

+    .007   —    .iMT 

+   .8 

25.3 

o-  Draconis, 

•■ 

+    .181 

+   .974 

+    .982 

•  ^z 

—  .036   +    .153 

+    .806 

24.1 

,-;  ( Cassiopeae, 

+    .851 

+   .207 

+    .767 

= 

—  .003   +   .632 

+   .3 

26.6 

8  Cassiopeae, 

+    .815 

_  .053 

+    .667 

^z 

+   .056   +   .688 

+    .116 

b  Draconis, 

+   .080 

+   .987 

+    .980 

= 

+   .058   +   .457 

+   .815 

12.1 

2  Hev.  Cephei, 

" 

+   .403 

+    .897 

+   .967 

= 

—  .064  —  .008 

+   .818 

1.8 

■i  Ursae  Majoris, 

1840-1855, 

—  .707 

—   .  2  5  5 

+    .565 

= 

+    .022  —  .468 

—  .0(11 

46.8 

i  Draconis, 

i< 

—  .550 

+    .811 

+    .960 

— 

—    010  —  .094 

+    .482 

33.3 

tr  Draconis, 

•• 

+0.18] 

+0.974 

+0.982 

= 

—0.014  —0.031 

+  0.662 

28.1 

Solving  the  first  seven,  corresponding  to  the  data  used  by  Stkuve  in  determining  the  aberration,  we  have  the  nor- 
mal equations, 

+  6!». 190;,   +   3.882:  +    15.262«     =      +  K036    +.".1.747  v  +   8.196z 


+   3.882 
+  15.262 


+  56.160 
+  53.802 


+   53.802         = 
+  102.373        = 


-0.325   +12.676 
+  1.445   +20.146 


+  49.410 
+  58.427 


the  solution  of  which  gives, 

/,   =   +0".010   +  0".785y   +0.0343,       f  =  — 0".037   +0.191  y   +0.676z,       u  =  +0".032  —0.021?/  +  0.210z 
Solving  the  last  seven,  which  embrace  the  whole  of  W.  Stklye's  observations  we  have  the  normal  equations, 


+  77.628),  +   3.090 ;  +'    6.989  m 

+   3.090  +65.702  +    61.837 

+   6.989  +61.878  +117.079 
the  solution  of  which  gives. 


=      +0.955   +51.837'/  +   8.008z 
=     —0.458   +   9.843'     +43.767 
=      +1.713   +18.503      +55.007 


(a)       ;   =  +0".011    +0.657?/   +  0.065  z, 

The    definitive   value  of     the    aberration 
terminate  solution  is  then. 

(6)  2C.481  +0.111  y  +0.2303 

The  question  now  arises  what  values  we  are  to  attribute 
to  ?/  and  z.  The  complete  answer  can  only  be  given  when 
we  know  the  most  probable  values  of  those  constants,  and 
for  this  we  must  wait  until  all  the  various  series  which  can 
throw  light  on  it  have  been  discussed.  It  may  not  be  pre- 
mature, however,  to  introduce  the  constants  of  the  427-day 
term  given  by  the  nearly  simultaneous  series  of  Peters,  on 
Polaris,  with  the  vertical  circle,  which  were  entirely  inde- 
pendent of  the  aberration.  We  obtained  on  p.  179,  vol.  XII. 
»*i  =  0".077,  T\  =  2394108.  In  the  present  discussion 
we  assumed  T!„  =  2  394  161  ;  hence  by  the  third  equation 
of  (26),  ?/=+0".054.  z  =  —  0.055.  Substituting  these 
above  we  fiud  /,  =  +0".042,  T  =  — 0".065,  which  gives 
the  annual  term  in  the  latitude-variation, 

— 0".077  cos(0— 327M) 

which  accords  very  well  with  that  term  in  (43).  The  aber- 
ration becomes,  under  this  assumption  20".47J,  which  is 
notably  less  than  the  result  of  the  direct  solution  (20". 514  ). 
It  should  be  noted  that  the  direct  value.  20''. 514,  is  really 
not  logically  derived,  since  it  implicitly  involves  the  incon- 
gruity that  y  and  z  are  different  for  the  different  stars.  I 
think  we  may  legitimately  infer  that,  whatever  the  degree  of 
indeterminateuess  in  the  aberration  by  this  series,  it  does 
not  extend  to  permitting  a  value  so  great  as  20". 500,  for 


f  =  — 0".041    +0.014;/  +0.446z,     u  =  +0".036   +0.111. v   +0.2: 
from  the  hide-      instance.     Thus,  if  we  introduce  this  value  in  (b)   wi 


=  +0".  1 73  — 1.17s;  which  introduced  in  (a)  gives 
i,  =  +0".125  —0.704.2,  :  =  — 0".039  +0".43()z.  If  z 
is  taken  within  the  limits  +0".05  and  — 0".05,  we  shall  have 
©'between  281°  and  291°,  and  ra  between  0". 09  and  "".17. 
Now  the  various  other  investigations  show-  that  6"  is  probably 
between  300°  and  36o°.  and  that  rL.  is  probably  not  over 
I.  By  similar  reasoning  it  will  be  manifest  that  S  rRtrvi  's 
observations  are  incompatible  with  an  alienation  larger  than 
20". 500,  and  probably  with  any  over  20".490.  This  is  as  far 
as  legitimate  deduction  can  go,  it  seems  to  me,  until  we 
kuow  more  precisely  the  law  governing  the  constants  of  the 
latitude-variation. 

As  a  matter  of  interest  I  give  the  values  of  the  alienation 
deduced  from  the  observations  1840-42  for  the  several  stars, 
by  means  of  (36),  with  the  values  of  Fand  Z  on  p.  58,  and 
j/=+0".054,  z  =  —  0.055,  tj  =  +0.042,  £  =  —  0.065. 
Struve's  values  are  given  in  the  last  column. 


Present 

Discussion 

S  1 1 :  i  I  i 

u  Ursae  Majoris, 

20+36 

20.457 

i  Draconis, 

.472 

.4711 

0s Draconis, 

.434 

.101 

f(  Cassiopeae, 

.4  29 

.423 

S  Cassiopeae, 

.520 

.456 

b  Draconis, 

.546 

.504 

2  Hev.  Cephei, 

20.375 

20.395 

(Ill 
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In  the  column  v,  of  Table  V,  are  given  i he  residuals 
(() — C)  which  result  from  the  substitution  of  the  aberration 
20".  16  1.  the  latitude-variation 

y„  —  <f  =  0".077  cos(<— 2  394  108)  X  0°.835 

+  0".081  cos  (O— 322°.  0) 

and  the  corrections  to  the  various  declinations,  o  Ursae  Ma- 
joris  +0".083.  i  Draconis  — 0".  200,  t?  Draconis  — 0".  051, 
ft  Cassiopeae  +0".001,  8  Cassiopeae — 0".016,  b  Draconis 
+  0".029,  2  Hev.  Cephei  +0".O04.  These  were  derived 
from  the  observations    1840-42  alone. 

The  present  investigation  seems  to  throw  doubt  upon  ;i 
point  to  which  Struve  attached  considerable  inportance, 
namely,  that  the  observations  of  p'and  8  Cassiopeae  have  a 
larger  probable  error  than  the  others.  I  give  in  the  table 
below  for  the  observations  1840-42,  for  each  star  ;  the  num- 
ber of  the  equations,  m  :  the  mean  error  of  an  equation  of 
the  weight  unity,  s,  the  number  of  unknown  quantities  be- 
ing taken  as  5  ;  the  average  number  of  observations,  n  ; 
and  the  probable  errors  of  a  single  observation,  r ;  with 
Strdvb's  values  iu  the  last  column. 


m 

€ 

n 

>■           Struve 

II 

// 

// 

u  Ursae  Majoris, 

18 

±0.236 

4.0 

±0.080 

±0.110 

i  Draconis 

19 

.235 

3.2 

.088 

.127 

o-  Draconis 

15 

.295 

2.8 

.119 

.126 

p'  Cassiopeae 

16 

.197 

2.3 

.087 

.145 

8  Cassiop>eae 

20 

.344 

1.9 

.168 

.178 

b  Draconis 

10 

.2'.i7 

2.4 

. !  29 

.116 

2  Hev.  Cephei 

7 

±0.22;-. 

2.0 

±0.101 

±0.089 

The  present  series  constitutes  the  basis  of  Nyren's  well- 


known  determination  of  the  nutation-constant,  and  the 
present  discussion  cannot  be  considered  complete  without 
giving  tiie  nutation  which  will  resull  after  the  elimination  of 
the  latitude-variation.  It  is  unnecessary  to  give  details. 
Employing  the  residuals  v  of  Table  V  for  the  three  stars 
u  Ursae  Majoris,  1  and  o2  Draconis,  including  the  correspond- 
ing equations  for  O.  Struve's  and  Oom's  observations  to 
1862,  we  solve  the  resulting  equations  of  the  form 

81  +  ir  +  n  =  0. 
where  i  is  the  nutation  coefficient,  and  1  is  the  correction  to 
Peteus's  value  of  the  lunar  nutation  9". 2235.  Giving  equal 
weight  to  the  observations  before  and  after  1842,  we  get 
the  following  values  of  v,  by  the  side  of  which  I  place  the 
results  of  Nyren's  discussion. 


u  Ursae  Majoris. 
1  Draconis, 
os  Draconis, 

Mean 


Wt. 

29.0 

71  5 
24.7 


+  0.0325 
+  0.0328 
+  0.D244 


X  v  lifts- 

+  0.0496 
+0.0083 

+  0.0100 


+  0.0311  •  +0.0224 
As  was  to  be  expected,  from  the  nature  of  things,  there 
is  no  very  significant  difference  iu  the  mean  results,  except 
that  the  values  for  the  three  stars  are  now  in  better  accord. 
This  is  satisfactory,  so  far  as  it  goes,  but  I  do  not  regard 
the  correction  to  Peters's  result  as  real.  It  seems  rather  to 
be  merely  an  effect  of  the  existence  of  a  long-term  period  iu 
the  latitude  heretofore  alluded  to,  and  which,  if  it  exists, 
would  confound  itself  with  the  nutation  in  a  long  series  of 
prime  vertical  observations,  in  ease  the  periods  were  ap- 
proximately the  same.  But.  as  heretofore  stated,  the  dis- 
cussion of  this  matter  is  adjourned  for  the  present. 


Table  V.     Struve's  Prime-Ve 

rtical  Observations,  1840-55. 

t 

w 

n              v 

(               w         11 

V 

t 

10         n           v 

t 

w 

n           v 

u\ 

'V.<»c  Majoris. 

u 

Ursae  Majoris.  —  font. 

1  Draconis.  —  C'ont. 

1  Draconis. 

—  (out. 

40  May 

4 

4 

—  .01    +.14 

48 

Apr.  28     2   +.01 

+  .12     41 

Mar.   16 

2    +.34    +.16 

49 

Aug 

23 

4 

+  .22        .00 

17 

3 

—.02    +.14 

May   13     3   +.02 

+  .13 

May    27 

5    +.29    +.13 

50 

Aug 

11 

3 

+  .13  —.17 

30 

3 

—.07    +.08 

4  9 

May     8     4  —.08 

-.04 

Aug.   16 

5   +.20   +.01 

21 

2 

+  .18  —.1  1 

Oct. 

4 

4- 

—.20  —.21 

22     5   —.04 

—.01 

Nov.     5 

3   +.30   +.10 

51 

A 1 1  g 

3 

5 

+  .30  —.04 

30 

4 

.00       .00 

28     5  —.04 

—.01 

Dec.    17 

1    +.08  —.12 

17 

0 
0 

+  .14  —.20 

41    Mar. 

30 

4 

—  .14  —.01 

51 

May    14     2   +.02 

+  .09 

4  2 

Jan.   25 

1    +.45    +.24 

52 

July 

16 

•> 

+  .16  —.12 

Apr. 

22 

5 

—.01    +.12 

52 

May   25     6  —.23 

—  .12 

Mar'.   18 

3       .00  —.22 

28 

3 

+  .16  —.14 

May 

6 

7 

—.13       .mi 

53 

Mav   27     7  —.20 

—.05 

May    17 

5    +.20  —.04 

Aug. 

9 

3 

+  .29  —.02 

28 

7 

—.20  —.08 

54 

May   24     4   —.21 

—.08 

Aug.    8 

7    +.24    +.03 

53 

Aug. 

8 

2 

+  .36   +.1  1 

Oct. 

2 

3 

—.07  —.01 

55 

Mav  31     3  —.18 

—  .12 

22 

2    +.16  —.03 

22 

3 

+  .18  —.08 

30 

4 

—.14  —.08 

[wm>i],  [wiry]     2.46 

1.04       43 

Aug.     8 

8    +.38   +.10 

54 

July 

27 

4 

—.10  —.28 

Dec. 

23 

3 

—.19  —.12 

44 

Aug.     7 

1    +.40   +.07 

Aug. 

7 

4 

+  .03  —.16 

12   Jan. 

14 

4 

—.06   +.02 

20 

2   +.45   +.13 

55 

Aug. 

30 

1 

+  .15  —.01 

.Mar. 

11 

1 

+  .12   +.20 

1  Draconis. 

It 

Sept.     5 

3   +.24  —.06 

Sepl 

22 

1 

—.19   —.36 

May 

2 

4 

—.04   +.02 

40 

June     6     1    +."4  6 

+  .31 

45 

July    26 

3    +.33   +.01 

[tron],  [ 

rev' 

8.89     2.02 

13 

4 

—.20  —.14 

26     3   +.29 

+  .11 

Aug.     3 

3   +.33       .00 

Oct. 

26 

16 

4 
3 

—.06       .00 
+  .05   +.16 

July    14     1    +.08 
29     8   +.20 

—  .12     46 
—.02     4  7 

Aug.     2 
Aug.  23 

8   +.30   +.04 
2   +.07  —.15 

arDraconis. 

It                    V 

43  Apr. 

25 

3 

—  .11   —.07 

Auo-.  23     6   +.14 

—  .10 

Sept.  14 

2   +.17  —.10 

40 

Oct. 

1 

7 

—.06  —  .18 

15  May 

10 

3 

—  .21    —.10 

Nov.     2     2   +.10 

-.17     48 

Auo-.     6 

2   +.13  —.06 

25 

1 

+  .13    +.02 

22 

4 

—  .09       .00 

17      1   —.03 

—.2:1 

26 

2   +.27   +.08 

41 

Feb. 

16 

1 

—.02  —.it, 

4  6  May 

17 

i 

—.14   +.02 

41 

Jan.    31      2    +.22 

+  .02 

Sept.    4 

2   +.26   +.08 

Mar. 

30 

1 

—.05  —.08 

47   May 

21 

3 

—.18  —.03 

Feb.   .22     2   +.26 

+  .08 

49 

Aug.     5 

3    +.38    +.14 

Apr. 

17 

2 

+  .06    +.03 
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t 

)C             X 

V 

£               ic       n 

V 

t 

w         n 

v 

t                to        n           v 

o'-  Dra con  is.  —  Coi 

t. 

(}  Cassiopeae. 

8  ( 'assiop 

;ae.  — Co 

it. 

6  Draconis.  —  Cont. 

41   May     9 

1    +.40 

+  .37 

-11   May    29     3  —.13 

— .11       41    June 

18 

2   +.16 

+  .14 

10 

Sept.  2G      1  —.0  1  —.08 

July    19 

6   +.15 

+  .11 

June   18     3    +.08 

•  .09 

28 

3  +  .20 

+  .18 

Oct.      4     3  —.15  —.19 

Oct.    1" 

2    +.36 

+  .31 

Oct.      4      I    +.15 

+  .14 

Nov. 

•> 

1    +.25 

+  .24 

41 

Mar.   16     1    +.1"  +.15 

Nov.     4 

3    +.14 

+  .10 

Nov.     2     2    +.16 

+  .16 

29 

1    +.33 

+  .33 

Apr.    1  1      1    +.09   +.14  . 

Dec.    18 

1    +.13 

+  .09 

29     1    +.13 

+  .15 

Dec. 

18 

1   —.10 

—.10 

May     9     1    +.25   +.30 

42  Jan.    13 

4    +.02 

—.03 

Dec.    18     1  —.07 

—.05 

42  Jan. 

13 

5  —.13 

—.13 

Sept.    6     3   4  .is    +.22 

Mar.  18 

1   —.16 

—.24 

42  Jan.      7      1    —.14 

—  .12 

Feb. 

12 

2  —.16 

—.16 

Oct.      6     1    —.07   -,ot 

Apr.    13 
26 

6    +.04 

—.05 

14     4  —.03 

.00 

Mar. 

21 

1  —.22 

—.25 

42 

Apr.      6     2    +.02    +.01 

2  —.12 

,22 

Feb.    12     2  —.24 

,  •_>  2 

Apr. 

2 

1   —.41 

—.45 

[wnn  I,  r«nwl         ".2s     0.44 

Oct.    14 

4    +.08 

+  .09 

Mar.  18      1   —.28 

—.29 

lb 

2  — .35 

— .40 

44   Oct.    18 

2    +.11 

+  .04 

Apr.     2     2  —.08 

—  .11 

June 

5 

1    +.09 

+  .02 

2  I Ie v.  Gepl 

Nov.     1 

45  Nov.  10 

46  Nov.     8 
4  7  Nov.    10 
48  Oct.    19 

Nov.  20 

Dec.     9 

19  Oct.   20 

2  —.06 
1        .00 

3  +.13 
1   —.02 

3  +.01 
1    +.28 
1   —.20 

4  —.12 

—.10 

—  .09 
+  .01 
—.10 
—.01 
+  .27 

—  .21 
—.11 

16     3   —.21 

June     5     4    +.19 

22     2  —.10 

Oct.    17     5    +.20 

Dec.    12     2  —.10 

[town],  [«■/•<•]         0.94 

S  Cassiopt  ae. 

—.28 
+  .13 
—.15 
+  .25 
—.01 
0.43 

Julv 
Oct. 

Dec. 

[wnn],  [ 

2  2 
3 

14 
24 

4 
17 

OVV] 

bD> 

2  —.10 

2  +.36 

3  +.25 
3    +.2ii 
2   —.05 
1   —.11 

1.70 

—.18 
+  .28 
+  .27 
+  .23 
+  .02 
—.03 
1.78 

40 

41 

42 

Nov.     1     2  —.08  —.13 
Mar.   30     1    -.08   -.05 
May      9     1    +.11    +.13 
Nov.      1      3    +.11    +.13 
April  14     3    -.09  -.13- 

25     1    —.09    —.13 
Oct.     14      3    +.0.">    +.11 

50  Nov.  15 

1    —.15 

—.13 

41   Feb.      1     1    +.ol 

+  .05 

aconis. 

n 

[tonn],  [wvo]        0.11     0.10 

Dec.      2 

3  —.07 

—.02 

Apr.  28     1   —.2.-) 

—.24 

10  Aug 

6 

7  —.02 

—.02 

[wnn],  [>'■'•'• 

1.07 

1.12 

May   29     2  —.22 

—  .22 

Sept 

i 

1   —.14 

—  .17 

OBSERVATIONS   OF  COMETS   1892  III  AND  g  1892, 

MADK    AT   GOODSELL   OBSERVATORY,    NOK Till  IKI.D.    MINN..    WITH   THE    10-INCH    REFRACTOR  AND    FILAR-MICROMETER, 

By  H.   C.   WILSON. 
[Communicated  by  Wm.  W.  Payne,  Director.] 


No. 

#— * 

6^  's  apparent 

log. 

r>A 

1893  Northfield  M.T. 

* 

Comp. 

da.        |        JS 

a 

8 

for  a 

for,! 

Comei   1892  III  (IIoi.Mi  s). 

Jan.  30 

h           ill         8 

7      1   58 

1 

in            S 

+  0   18.12 

—1   17.8 

1    4  1    24.86 

+  33°  45  37.7 

'.'.  122 

0.327 

Feb.    4 

7   25  56 

2 

9  .  6 

+  1    25.90 

—6    12.4 

1    48  52.73 

+  33  52     5.0 

9.51  1 

0.382 

11 

8  20  34 

3 

9  ,  6 

+  2  50.22 

+  0  49.4 

2     4   35.24 

+  34    10     9.2 

9.642 

0.517 

8  20  34 

4 

9  .  6 

+  2  38.51 

+  1     8.8 

2      1   35.04 

+  34   10   10.9 

9.642 

0.517 

16 

6  52  45 

."> 

10  ,  6 

-HO     2.20 

+  6   57.1' 

2     7    12.69 

+  34    11   22.5 

0.364 

Mar.l  1 

8  25    18 

6 

5  .  6 

+  0  28.1  1 

+  1    21.1 

2    16    17.60 

+  35   13  43.2 

0.610 

Comet  1893  I  (g  1892  Brooks). 

Feb.  1  1 

7  36  4:. 

' 

9,6 

+  0  26.68  j    +1    47.4    |    0   19  59.87 

+  27  30  53.2 

9.661 

0.671 

Mean   Places  for  isiio.O  of  Comparison- Stars. 

Red   to 

* 

a 

app.  place 

O 

app.  place 

Authority 

1 

h            ID            S 

1    11      7.65 

—0.91 

+  33  4  6  47.3 

+  8.2 

Leiden  A.G.  Zones  393,32 

397,26 

2 

1   47  27.90 

—0.97 

+  33  58     9.2 

+  8.1 

396,12; 

.27 

3 

2      1    46.05 

—1 .03 

1      9    11.9 

+  7.9 

260,18; 

:;.",7.13 

4 

2      1   57.56 

—1.03 

+34      8  54.2 

+  7.9 

■•      397,42; 

398, 2 s 

5 

2     7  4  1.52 

—  1 .03 

+  34      7    16.6 

+  8.0 

239,3    ; 

.109 

6 

2  46   20.61 

—1.15 

+  35   12   11.:; 

+  7.8 

251.34; 

329,87 

7 

0   19  34.65 

—  1.46 

+  27   29     ."..9 

+  0.1 

Paris  4  4  1 
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Notes  ok  Comet  1892  III    Holmes  . 

Jan.  ."'i1  Comet  very  faint  in  moonlight,  yet  visible  In  the  finder. 
In  the  large  telescope  the  coma  was  aboul  2'  In  diameter,  slightly 
condensed  in  center,  but  with  no  definite  nucleus.  A  faint  tail 
(■cm lil  be  traced  to  the  edge  of  the  field  (5')  in  p. a.  45°.  At  moments 
I  thought  I  caught  a  glimpse  of  a  nucleus,  but  it  was  not  brighter 
than  12 

i  t.  Comet  quite  bright  in  the  5-inch  finder,  ami  oval  in 
shape,  with  eccentric  condensation.  In  the  large  telescope  the 
head  of  the  comet  is  about  3'  in  diameter,  with  a  tail  Hi'  long. 
There  is  a  strong  condensation,  bat  do  definite  nucleus,  except  at 
moments  when  a  sharp  point  about  14"  is  glimpsed. 

I.'.  14.  Easily  seen  in  tinder.  About  5'  in  diameter,  with  tail 
26'  long.  In  the  large  telescope  no  nucleus  could  lie  seen, and  the 
central  condensation  was  at  first  large  and  diffuse.  Later  it  became 
more  condensed  and  easier  to  bisect 

l'eli.  16.     Very  easily  seen  in  tinder,  about  10'  in  diameter,  witli  a 

long.     In  the  large  telescope  no  nucleus  could  be  seen,  but 

there    was    a    slight    condensation    in    the    nebulosity,    which    was 

bisected  in  the  observations.    The  comet  is  again  getting  to  be  a 

difficult  object  for  micrometrical  measurement. 

March  11.     Very  faint.     About  1'  in  diameter,  with   very  slight 


central  condensation.     Too  faint  for  Jn  by  transits.     J«  measured 
with  the  micr eter.  the  light  being  reduced  to  a  minimnm,  and 

alternately  turned  on  and  oil'.      Not  visible  in  5-inch  tinder. 

April  8.  Found  Holmes's  comet  in  place,  but  it  was  exceedingly 
faint,  and  impossible  to  observe  micrometrically.  If  was.  perhaps, 
l"  in  diameter,  with  very  slight  condensation  in  center. 

Nun;  ox  Comei  1893  I    gr  1892  Brooks  , 

Feb.  II.  Faint  and  very  small  in  5-inch.  In  16-inch  about  1'  in 
diameter,  with  short  tail.  Strong  condensation  about  nucleus, 
which  last  is  not  very  well  defined. 

Nun    us  ('(.mi  i  1892  I  (Swift). 
Feb    14.      Found  a   very  faint  object  in  the  proper  position,  but 
there  was  no  comparison-star  near,  so  that  the  position  could  not 
be  determined  accurately. 


Corrigendum. 
In  Astr.  Journ.,  no.  289,  p.  8,  the  declination  of  comparison-star 

No.  11  should  be  +53°  17'  17".G,  instead  of  +53°  13'  45".9,  and  the 
corresponding  declination  of  Comet  g  1892  on  Jan.  16  should  be 
+53°  18'  59".8,  instead  of  +53°  15'  28*.  1. 


STAES    THAT    HAVE  BEEN   FOUND   VARIABLE   IN   THE   PHOTOGRAPH, 

By  WM.  MAXWELL  REED. 
[Communicated  by  Prof.  E.  C.  Pickering,  Director  of  Harvard  College  Observatory.] 
The  following  observations  were  made  by  relative  eye- 
estimation  with  the  6>-inch  Clacey  Equatorial.  They  were 
undertaken  to  confirm  visually  the  photographic  discoveries 
of  variability  in  certain  stars.  The . reduction  of  the  obser- 
vations litis  therefore  been  merely  approximate.  For  the 
values  of  the  comparison-stars,  the  DM.  magnitudes  have 
been  used. 

DM.39°4851. 
Announced  by  Mrs.  Fleming  in  A.X.,  128,  p.  121.     The 
variations  of  tliis  star  seems  well  established.     But  unfortu- 
nately the  observations  are  not  sufficiently  extensive  to  give 
even  an  approximate  period. 


1891  July 

17 

8.5 

July 

27 

8.4 

Sept 

■> 

10.5 

(circum.) 

Sept. 

24 

10.0 

invisible 

1893  Nov. 

3 

7.6 

Dec. 

9 

10.0 

(circum. ) 

DM.  54°431.* 
Announced  by  Mrs.  Fleming   in  A.N.  126,  p.  165.     The 
following  observations  confirm  the  variability  of  this  star, 
and  indicate  a  period  of  little  less  than  one  year. 


891  Aug.  20 

8.3 

1892 

Jan. 

21 

<10 

Sept.    2 

8.2 

Mar. 

5 

<H> 

Sept.  24 

8.1 

Apr. 

G 

8.8 

Oct.    16 

8.2 

Oct. 

28 

8.7 

Nov.     2 

8.6, 

Nov. 

10 

9.3 

Nov.  18 

7.5 

Nov. 

1G 

9.7 

DM.  53°2684.t 
Mr.  Espin  published  a  note  upon  this  star  in  A.N.  126. 
p.  11 1.     The  following  observations  confirm  variability,  and 
give  evidence  that  the  period  will  prove  to  lie  about  a  year. 

*678  UPersei.-   See  A.  J.  XII,  113;  XIII,  13. 
+  77S3  RUCygni.     See  A.J.  XII,  111;  XIII.  13. 


1891  May  28 

8.2 

1891 

Nov. 

2 

8.6 

.lime    9 

8.4 

Nov. 

18 

8.8 

June  15 

7.7 

1892 

Apr. 

13 

8.2 

June  23 

8.0 

May 

16 

7.6 

July     9 

8.1 

Oct. 

28 

8.5 

Aug.  20 

8.9 

Nov. 

3 

8.4 

Sept.    2 

9.1 

Dec. 

9 

8.9 

S.DM.  -5°4858.* 

Photographic  observations  on  this  star  were  published  in 
A.N.  126,  p.  165,  by  Mrs.  Fleming.  The  following  obser- 
vations verify  Mis.  Fleming's  conclusion  that  the  star  is 
variable  witii  small  range. 


1891  Mav  28 

7.1 

June    9 

7.1 

June  15 

7.2 

June  '_'.". 

6.8 

July     :t 

7.1 

July  25 

6.5 

July  27 

6.7 

1891  Aug. 

20 

6.4 

Sept. 

2 

6.4 

Sept. 

21 

6.5 

1892  Mar. 

6 

7.2 

Mar. 

25 

6.4 

Nov. 

3 

6.3 

1)M.62°596. 
An  exceedingly  ted  star,  fully  9  on  Mr.  Chandler's  Bcale 
of  redness.  In  A.N.  127,  p.  5.  Mrs.  Fleming  published  some 
photographic  observations  on  this  star,  which  had  a  ranee 
of  1.4  magnitudes.  The  following  visual  estimates,  how- 
ever, indicate  no  change  in  the  light  of  the  star  during  the 
period  covered  by  the  observations.  Through  the  kindni  ss 
of  Mr.  Wendell  the  writer  is  able  to  publish  some  observa- 
tions made  in  1887.  which  confirm  the  above  conclusion.  In 
a  recent  number  of  this  Journal  Mr.  Yenpeli.  also  fails  to 
find  evidence  of  variation  in  this  star.  Mr.  Wendell's  com- 
parison-stars were  62°590,  62°593.  The  writer's  were  63°4 51 , 
63°436.  The  constant  difference  between  the  two  series  of 
observations  is  not  surprising  when  we  consider  the  redness 


*6834  VAquilae. 
dell,  ibid. 


Sawyer,  A.J.  XIII,  13;   confirmed   by  Ykn- 


N°-  296. 


THE     ASTRONOMICAL     JOURNAL. 


63 


of  the  variable,  and  the  difference  in  the  instruments.     Mr. 

Wendell  used   t lie   15-inch  equatorial,  except   for  the  first 
observation  of  Oct.  21,  18.S7,  when  lie  used  the  1-inch  finder. 


( observer 

i  tbserver 

887  Sept.    8     8.6 

o.c.w. 

1891 

Si   pi. 

0 

7''.)     W.M.R. 

Sept.  10     8.5 

k  i. 

Sept. 

24 

7.6 

Sept.  15     8.7 

[  ( 

Oct. 

16 

7.6           " 

Oct.    12     9.0 

u 

Nov. 

2 

7.6 

Oct.    21      8.6 

i  I 

Oct.    21     8.7 

" 

Obsen  er 

1891  Nov.  IS 

7"  8 

W 

M.R 

fi]-inch 

1892  Jan.   21 

7.9 

•• 

Feb.  17 

7.7 

•' 

,4 

Mar.     5 

7.8 

" 

4. 

Apr.     1 

7.6 

" 

•  1 

Apr.  12 

7.5 

.  & 

1 . 

May  16 

7.6 

. . 

, . 

Oct.   28 

7.6 

4  i 

m 

Nov.    3 

7.8 

" 

" 

Nov.  10 

7.7 

n 

" 

Nov.  16 

7.7 

.  t 

4  4 

The  writer  has  examined  the  plates  from  which  Mis. 
FLEMING  inferred  that  the  star  is  variable,  and  wishes  1o 
confirm  her  statement  that  the  photographic  images  of  this 
star  show  large  variations  relative  to  the  surrounding 
stars. 

20"  43'".  1      +18°  58'      (1900). 

Announced  variable  in  A.N.  127,  p. 5,  by  Mrs.  Fleming-. 
With  the  exception  of  June  23,  the  following  observations 
give  no  satisfactory  confirmation  of  variation  in  this  star. 
In  the   photograph,  however,  the  star  appears  subject  to 

veiv  large  fluctuations  in  light. 


891  May  28 

9.2 

1891  July  27 

9.2 

June    9 

9.1 

Aug.  20 

not  seen* 

June  1.") 

9.0 

Sept.    2 

9.4 

July     9 

9.0 

L892  Nov.    3 

9.0 

*  Notes  in  the  record  for  this  observation  are  1 
bright,  stars  of  the  lutta  magnitude,  invisible." 


Moonlight  very 


Cambridge,  Manx.,  1893  March  22. 


ON    THE    VARIABILITY  OF 

By  PAUL  S 
This  star  is  included  in  Chandler's  "  List  of  Stars  Prob- 
ably Variable,"  in  the  Supplement  to  his  Catalogue. 
I  have  observations  as  follows  : 

1892  1892,93 

Nov.  20,   lo"o 


stqil.       Dec. 


Feb. 
Apr. 


9,  9.9 
16,    10.1 

5,  10.1 
.  3,  not  seen 

9,    •'     " 


Limit 

<llM..i 


Jan.      1 .  10.5  hazy 

Mar.    5,  not  seen  ;  moon 

Apr.  19,  not  seen 

21.  not  seen  ;  limit  <11M.0 

Oct.    21,  10". 1 

23,  9".  9 
Nov.   11,   10M.0 

l'p  to  the  third  of  this  month.  I  considered  thai  my  obser- 
vations furnished  no  proof  of  the  star's  variability,  the 
failures  to  see  it  during  the  spring  of  1892,  being  thought  to 

Dorchester.  .!/.<.«..  1893  April  15. 


THE   STAR  (225S)  AU1UGAJE, 

YENDELI.. 

be  very  possibly  due  to  a  failure  to  locate  the  star,  which  is 

at  all  times  faint  in  my  telescope,  and  the  field  at  thai  time 

still   unfamiliar;   the   latter,  however,  was   certainly  not  the 

ease  this  spring,  and  1   have   now   no  doubt   that   the  star  is 

variable. 

Espin,  who  first  suggested  its  variability,  says,  in  Nature 
for  March  30,  1893,  it  was  10". 5  on  March  20,  and  is  vari- 
able. 

My  observations  furnished  no'  data  for  determining  an 
epoch  of  maximum,  but  the  minima  would  seem  to  recur  at 
intervals  of  not  far  from  a  year,  and  the  star's  variations 
maybe  similar  to  those  of  7242  S  Aquilae.  It  is  tot)  faint 
for  anv  color  to  be  recognizable  with  my  telescope. 


SYSTEMATIC  CORRECTION  OF  THE  DECLINATIONS  OF  THE  IT X I>.\  M h'XTAL- 

CATALOG  FOR  VARIATION  OF  LATITUDE, 

By  S.  C.  CHANDLEIi. 


In  the  article  on  the  influence  of  latitude-variations  upon 
astronomical  constants  and  measurements  (A.J.  284 ),  it 
was  pointed  out  that  there  must  exist,  in  all  catalogues  of 
fundamental  declinations,  a  systematic  error  arising  from 
this  cause,  varying  with  the  right-ascension. 

The  highly  important  function  of  Adwees's  Fundamental- 
Gatalog  in  the  reduction  of  the  zone  catalogues  of  the  Astro- 
nomische  Gesellschaft,  and  many  other  differential  series  of 
meridian  observations,  attaches  special  interest  to  the  cpics- 
tion,  what  are  the  corrections  to  the  equator-points  which  it 
gives?     Fortunately  the  answer  is  now  very  simple  and  cer- 


tain. The  basis  of  this  system  in  declination,  tor  the  epoch 
of  the  modern  observations  used  in  its  construction,  is  the 
catalogue  formed  by  Nyren  from  the  vertical-circle  observa- 
tions of  1863-75.  In  A.J.  293,  §§  4  and  5.1  have  found 
the  corrections  for  latitude  according  to  this  series,  in  equa- 
tions (41 )  and  (  42  ).     Combining  by  weights. 

c—c-(l  =  —t'". 2d  I  cos(t— 1870  Feb.  23)  X  0°.843 

— 0".131  cos(Q— 3d9°.8) 

The  corrections  by  this  formula  were  computed  for  the  in- 
dividual  observations   in  vol.  XIV  of    the   Pulkowa    A 1 
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pp.  (57)-(83),  and  the  means  taken  for  the  several  stars. 
The  lower  culminations  were  included  above  50°  declination, 
and  the  incomplete  observations  (  Easl  or  Wesl  alone  |  with- 
in 5°  of  the  zenith  ;  agreeably  t<>  Nyukn's  description  of  the 
formation  of  his  catalogue  (A.G.Publ.lHV).  Collecting 
the  results  by  hours  of  R.A.  and  zones  of  declination,  we 
have  the  mean  results  of  the  following  table. 

The  weighted  means  for  all  of  the  386  stars  in  each  hour 
are  given  in  the  sixth  column,  +90° — 10°.  These  are 
verv  closely  represented  by  the  formula 

— 0".007  +  0".088  sin(a+153°) 
as  is   shown  in   the   last  two  columns.     The  different   zones 
are  clearly  in  substantial  accord.     The  polar  zoue  gives  a 


perceptibly  smaller  range  than  the  others,  for  the  manifest 
reason  that  the  combination  of  th<  two  culminations  lends  to 
eliminate  the  error  due  to  the  latitude- variation. 

We  conclude  with  certainty,  then,  that  the  Pulkowa  sys- 
tem is  farther  north  al  *  by  nearly  a  fifth  of  a  second  than 
it  is  at  20"  ;  in  other  words,  that  its  equator  intersects  the 
true  one  at  2*  and  14''  at  an  angle  of  half  this  amount.  In 
reducing  meridian-circle  observations,  therefore  the  equator- 
points  found  (vom  B.J.  stars  require  correction  by  the  above 
formula,  whose  values  are  given  in  the  "  computed"  columu, 
for  the  middle  of  each  hour  of  right-ascension.  It  also  fol- 
lows that  all  the  catalogues  of  the  Astron.  Gesellschqft are 
subject  to  this  correction. 


Pulkowa  Vertical-Circle  Declinations  (1863-75)  of  336  Hauptstehne. 
Correction  for  Latitude-Variation. 


R.A. 

90 

0  —50° 

50c 

>  —30° 

30 

>  —10° 

10< 

»  —10° 

+90°  — 

10° 

C 

imp. 

O— C 

h 

0 

+  0.03 

6 

+  0.03 

3 

— o'oo 

4 

+  0.08 

2 

+  0.029 

15 

+0.022 

+  o'o07 

1 

.00 

5 

— 

.07 

3 

— 

•  03 

6 



.04 

3 

—  .031 

17 

.000 

—  .031 

2 

— 

.01 

5 

— 

.02 

3 

+ 

•  02 

•> 



.07 

7 

—  .032 

17 

— 

.023 

—  .009 

3 

— 

.01 

1 

— 

.01 

9 

— 

■  02 

5 

+ 

.06 

4 

+    .002 

19 

— 

.045 

+    .047 

4 

— 

.06 

2 

— 

.13 

5 

— 

•  12 

4 

.07 

4 

—  .104 

15 

— 

.(164 

—  .040 

5 

— 

.10 

1 

— 

.10 

4 

— 

•  10 

2 



.10 

14 

—  .098 

21 

— 

.079 

—  .019 

6 

— 

.02 

1 

— 

.19 

1 

— 

.12 

7 

- 

- 

—  .115 

9 

— 

.089 

—  .026 

7 

— 

.02 

1 

— 

.10 

1 

— 

•09 

5 



.11 

2 

—  .086 

9 

— 

.095 

+    .009 

8 

— 

.03 

i 

+ 

.04 

3 

+ 

•  02 

3 

— 

.01 

4 

+    .010 

11 

— 

.093 

+   .103 

9 

— 

.08 

5 

— 

.08 

2 

— 

.05 

3 



.09 

2 

—  .074 

12 

— 

.086 

+   .012 

10 

— 

.07 

2 

— 

.03 

3 

— 

.01 

3 



.12 

1 

—  .043 

9 

— 

.074 

+   .031 

11 

.00 

2 

— 

.07 

4 

— 

.10 

4 



.17 

3 

—  .093 

13 

— 

.056 

—  .037 

12 

— 

.04 

4 

— 

.13 

1 

— 

.01 

1 

— 

.10 

3 

—  .067 

9 

— 

.036 

—  .031 

13 

— 

.07 

1 

+ 

.02 

1 

— 

.01 

3 

+ 

.03 

2 

.000 

7 

— 

.014 

+   .014 

14 

+ 

.01 

4 

+ 

.07 

4 

— 

.02 

3 

+ 

.03 

5 

+    .025 

16 

+ 

.009 

+   .016 

15 

+ 

.04 

3 

.00 

6 

+ 

.02 

7 

+ 

.03 

4 

+-    .019 

20 

+ 

.031 

—  .012 

16 

+ 

.02 

4 

+ 

.03 

6 

+ 

.02 

2 

+ 

.08 

4 

+   .038 

16 

+ 

.050 

—  .012 

17 

.00 

6 

+ 

.03 

3 

+ 

.14 

5 

+ 

.14 

4 

+    .075 

18 

+ 

.065 

+    .010 

18 

+ 

.05 

3 

+ 

.05 

5 

+ 

.03 

4 

■f 

.04 

3 

+    .048 

15 

+ 

.075 

—  .027 

19 

+ 

.04 

7 

.00 

1 

+ 

.03 

5 

+ 

.04 

5 

+    .052 

18 

+ 

.081 

—  .049 

20 

+ 

.(il 

2 

+ 

.09 

5 

+ 

.08 

5 

— 

.03 

2 

+    .061 

14 

+ 

.081 

—  .020 

21 

+ 

.02 

2 

+ 

.15 

3 

+ 

.15 

2 

+ 

.16 

4 

+    .130 

11 

+ 

.072 

+    .058 

22 

+ 

.04 

3 

+ 

.08 

4 

+ 

.06 

7 

+ 

.09 

4 

+   .067 

18 

+ 

.060 

+    .007 

23 

+  0.02 

1 

+  0.08 

3 

- 

- 

+  0.03 

O 

+  0.051 

7 

+  0.042 

+  0.009 

All 

72 

83 

92 

89 
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Cambi-idge,  1893,  April. 


XEW    ASTEROID. 


Professor  Krueger  lias  sent  notice  of  the  photographic  detection  of  another  by  Dr.  Wolf,  at  Heidelberg.  April  14,  in 

the  position 

1893  T    13M     April  14   12h  Heidelberg  M.T.     «=  13"  24'"  24%    3  =  — -8°  33'.    Daily  motion,  —44"  and  2'  northward. 

The  plauet  1893  Q  appears  to  be  identical  with  no.  104  Clymene,  thus  giving,  as  the  correction  to  the  Ephemeris  in  the 
Berlin  Jahrbuch,     da  =   -KV"  .     M  =  —33'. 


C  0  X  T  E  N  T  S  . 
Ojs  the  Constant  of  Aberration,  III,  by  Dr.  S.  C.  Chandler. 
Observations  of  Comets  1892  III  and  ^1892,  by  Du.  H.  C.  Wilson. 

Stars  that  have  been  Found  "Variable  in  the  Photograph,  by  Mr.  Wm.  Maxwell  Reed, 
i  >n  the  Variability-  of  the  Star  (2258)  Aurigae,  by  Mr.  Paul  S.  Yendell. 

Systematic  Correction  of  the  Declinations  of  the  Fundamental-Catalog  for  Variation  of  Latitude,  by  Dr.  S.  C.  Chandler. 
New  Asteroid. 
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ON   THE   CONSTANT   OF   ABERRATION, 

By  S.  C.  CHANDLER. 
IV. 
7.     Nvrkn's  Pkime-Vertical  Observations,  24  Stars,   1879-82. 


Nvren's  Prime- Vertical  observations,  which  form  alto- 
gether the  finest  contribution  to  the  knowledge  of  the  aber- 
ration-constant in  the  annals  of  astronomy,  have  been  treated 
here  in  two  parts,  for  the  following  reason.  After  the  dis- 
cussion of  the  observations  of  1880-82  had  been  completed 
and  placed  in  the  hands  of  the  printer,  exactly  as  it  stands 
in  this  section,  Prof.  Newcomb  kindly  sent  me  a  series  of 
observations  on  four  stars,  in  the  years  1875-79,  hitherto 
unpublished,  and  which  had  been  communicated  to  him  by 
Dr.  Ntren,  Vice-Director  of  the  Pidkowa  Observatory,  with 
full  permission  to  make  any  use  of  them  he  pleased.  I  de- 
sire to  thank  both  of  these  gentlemen  for  the  opportunity 
thus  afforded  of  discussing  this  new  material  in  the  same 
way  as  the  rest.     The  results  will  be  given  in  §8. 

The  observations  have  been  employed  exactly  as  given 
by  Nyren  in  his  well-known  Memoir  of  1883,  the  values  of 
n,  pp.  12-34,  being  written  with  the  opposite  sign,  to  con- 
form to  our  present  notation.  Two  obvious  misprints  were 
corrected,  it  being  evident  from  an  examination  of  his  equa- 
tions that  the  observations  of  \Oassi<ypeae  1881  Aug.  20, 
and  of  6  Draconis  1880  Mar.  16.  were  used  by  him  as  having 
a  weight  of  A. 

Grouping  the  observations,  w-e  have  the  values  of  n  in 
Table  VI.  If  the  material  permitted,  these  would  be  solved 
according  to  eq.  (35).  Since  the  series  extends  only  from 
1879  Dec.  17  to  1882  Jan.  29,  however,  it  is  manifestly  too 
short  to  give  determinate^  the  coefficients  of  both  terms  of 
the  latitude-variation.  Two  courses  then  are  open  :  (a)  to 
find    Y  and  Z   in  terms  of  >/  and  z,  as  has  been  done  in 


[pan} 


[jiab] 


[pac] 


Strdve's  series,  and  then  to  substitute  values  of  y  and  z  from 
extraneous  sources  ;  (6)  to  correct  the  values  of  n  for  the 
427-day  term,  and  then  solve  only  for  the  other  unknowns. 
The  first  method,  which  is  very  laborious  with  so  many 
stars,  is  in  the  present  case  entirely  unnecessary.  It  is 
a  priori  evident,  from  the  nearly  uniform  distribution  of 
Nyren's  stars  in  right-ascension,  that  the  value  of  the  aber- 
ration will  be  almost  entirely  independent  of  the  particular 
values  of  the  constants  assumed  for  either  term  of  the  lat- 
itude-variation, since  the  effect  of  error  in  the  assumptions 
will  be  compensated  in  the  resulting  values  for  the  constants 
of  the  other  term  ;  i.e.,  the  sum  of  the  two  terms,  or  the  re- 
sultant total  effect  of  the  latitude-variation,  will  be  practical- 
ly unaffected.  Some  preliminary  solutions  were  made  which 
completely  verified  this  conclusion.  I  therefore  employed 
the  method  (6)  without  hesitation.     The  values  of  n,  then. 


were  corrected  for  the  427-day  term  by  taking 


0".T25, 


IF,  =  2  406  191,  0  =  0°. 843,  according  to  eq.  (18),  A. J. 
277.  Putting  I  =  —30°. 3  in  (23)  we  have  the  first  term 
of  (24),  ¥>„  —  <p  =  +0".125  cos(<— 2  406  227)  X  0°.843. 
Adding  this  to  n  in  Table  VI,  we  have  the  values  //. 
which  are  to  be  solved  according  to  eq.  (35)  omitting  the 
terms  in  y  and  z,  or  by 

A'  +  TsinO  -r-ZeosO  =    "' 

Since  it  would  require  too  much  space  to  write  the  normal 
equations  for  2  1  stars  in  the  ordinary  way.  I  tabulate  the 
various  coefficients,  which  will  serve  the  same  purpose. 
Putting    a=l,  6  =  sin©,  c  =  cos©,  we  have  : 


[pan'] 


il'bb] 


[  /<'"■] 


[/-'"<'] 


[pec] 


[pen] 


1  p  Cassiopeae, 

2  8  Cassiopeae, 

3  x  Cassiopeae, 

4  2  H.  Camelopardalis, 

5  10  H.  Camelopardalis, 

6  DM.  793 

7  11  Camelopardalis, 

8  37  Camelopardalis, 


+  26.00 

+ 

3.61 

—   1.99 

—0.32 

+  15.27 

—  9.42 

+  1.49 

+  l(i.7l 

+  0.03 

M2.00 

+ 

0.69 

—  12.16 

—0.15 

+  24.47 

—13.54 

+  4.45 

+  17.43 

—2.88 

+  21.50 

+ 

0.34 

—  10.42 

+  0.81 

+  8.02 

—  5.47 

+  2.68 

+  13.39 

—  2.21 

+  22.00 

— 

1.26 

—  2.89 

+  1.04 

+   4.83 

—   7.21 

+  1.26 

+  17.20 

—3.22 

+  11.00 

— 

2.88 

—  3.86 

+  0.64 

+   1.86 

—  0.91 

+  0.30 

+   9.14 

—1.92 

+21.00 

— 

8.64 

=-   1.74 

—0.60 

+   5.45 

—  3.59 

+0.83 

+  15.55 

—2.25 

+  22.00 

— 

6.93 

—  2.75 

—0.09 

+   2.95 

—  1.67 

+  0.16 

+  19.08 

—0.34 

+  15.50 

— 

5.50 

+   5.39 

—0.46 

+   3.52 

+    1.08 

—0.01 

+  11.98 

—0.78 

(65) 
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[paa] 

'.<  2  Lyncis,  +24.00 

10  M  Lynda,  +23.50 

11  I.".  Lyncis,  +30.00 

12  24  Lyncis,  +32.50 
l:;  <j  Ursae  Majoris,  +31.00 
II  7  1  Ursae  Majoris,  +18.00 
l  ."i  75  Ursae  Majoris,  +10.00 

16  Radeliffe  3104  +  9.00 

17  i  Draconis,  +41.00 
is  6  Draconis,  +32..-.0 
19  b  Draconis,  +36.50 
2i)  o  Draconis,  +41.00 

21  Radeliffe  4511  +15.00 

22  Radeliffe  5074  +   9.50 

23  B.A.'C.  7387  +11.00 

24  15  Cephei,  +  6.00 

The  solution  gives, 


[  P«b] 

—  5.67 

—  6.58 

—  9.12 

—  4.67 
+  4.07 
+  3.17 
+  1.42 
+  1.80 
+  8.73 
+  7.2.". 
+  12.66 
+  8.99 
+   3.88 

—  0.08 
+  0.47 
+   0.30 


Ipae] 

+  5.17 
+  11.84 
+  15.63 
+  18.97 
+  14.78 
+  10.06 
+  5.74 
5.71 
4.09 
0.58 
0.39 
4.22 
7.90 
5.51 
6.09 
3.72 


+ 
+ 
+ 


X 

r 

Mj 

z 

%c. 

1 



0.029 

+ 

0.224 

6.87 

+ 

0.194 

4.93 

2 

— 

.038 

+ 

.135 

11.66 

— 

.087 

6.63  1 

3 

+ 

.027 

+ 

.326 

4.64 

— 

.011 

4.83 

4 

+ 

.012 

— 

.025 

1.50 

— 

.194 

5.30 

5 

+ 

.009 

+ 

.079 

0.63 

— 

.198 

4.45 

6 

— 

.079 

— 

.086 

0.69 

— 

.  1  73 

5.62 

7 

+ 

.060 

+ 

.199 

0.42 

+ 

.008 

10.36 

8 

— 

.001 

+ 

.016 

0.68 

— 

.066 

4.39 

9 

+ 

.053 

+ 

.241 

0.97 

— 

.049 

18.89 

10 

+ 

.090 

+ 

.106 

1.10 

— 

.118 

3.78 

11 

— 

.092 

+ 

.068 

2.28 

+ 

.079 

12. SI 

12 

— 

.034 

+ 

.040 

1.24 

— 

.012 

5.11 

13 

— 

.085 

— 

.109 

13.73 

+ 

.179 

3.01 

14 

+ 

.075 

— 

.046 

11.10 

— 

.192 

0.05 

15 

— 

(.116) 

— 

(.043) 

2.86 

+ 

(.004) 

0.01 

16 

+ 

.066 

+ 

.036 

2.41 

— 

.212 

0.10 

17 



.010 

+ 

.037 

3.42 

+ 

.097 

27.19 

18 

+ 

.001 

+ 

.131 

1.93 

+ 

.082 

22.69 

19 

— 

.003 

+ 

.081 

1.74 

+ 

.078 

19.47 

20 

+ 

.030 

— 

.053 

5.41 

+ 

.003 

25.04 

21 

+ 

.289 

— 

.297 

1.32 

+ 

.330 

0.80 

22 

+ 

(.050) 

+ 

(.106) 

0.87 

+ 

(.040) 

0.04 

23 

+ 

(.056) 

+ 

(.052) 

1.73 

+ 

(.035) 

0.08 

24 

+  0(.037) 

+  0(.277) 

20.05 

+  0(.026) 

0.02 

The  substitution  of  the  unknowns  in  the  observation- 
equations  gives  the  value  of  vx  in  table  VI.  In  four  of  the 
stars  the  solution  was  indeterminate  as  regards  Z.  as  is 
shown  by  its  small  weight,  «-,,  in  the  table.  For  these  I 
determined  Y  in  terms  of  Z,  and  then  substituted  a  value 
of  Z  found  from  the  secoud  of  (28),  using  approximate 
values  of  u  and  J  fouud  by  a  preliminary  solution  of  the 
whole  data.  The  unknowns  for  these  stars  are  given  in 
parentheses.  Practically,  however,  the  effect  on  the  values 
of  a,  1'.  and  «.  is  merely  nominal,  as  will  be  evident  from 
the  small  weight  w0,  in  the  following  equations  of  con- 
dition, formed  from  the  preceding  by  means  of  (37). 

1  +0.853;/  +  0.198C  +0.767w  =:  +   0.229     w0  =    8.8 

2  +    .813     —  .063      +   .665      =  +      .115  =17.5 

3  +0.786     —0.071       +0.623      =  +   0.257  =    7.5 


Ipan'} 

_0.85 

+  0.02 
—1.61 

—1.51 
—0.42 
—  0.72 
—1.20 
-0.72 
+  0.30 
+  1.02 
+  0.89 
+  0.75 
+  0.57 
+  0.25 
+  0.43 
+  0.21 


(  P66] 

+  2.39 
+    5.39 

+  5. si 
+  4.74 
+  19.7H 
+  12.37 
+  6.7o 
+  5.  IS 
+  6.19 
+  4.03 
+  7.03 
+  8.  S3 
+  7.13 
+  6.03 
+  7.28 
+   3.66 


+ 

+ 
+ 
+ 

+ 
+ 


L  /''»•] 
-  2.52 
2.14 
1.87 
1.14 
6.77 
1.96 
1.12 
0.4  5 
4.72 
3.61 
5.00 
5.85 
2.18 
1.21 
1.13 
0.12 


I  /■'"< 

+  0.1(1 

—0.27 
+  0.94 
+  0.30 

—  1.29 
—0.71 
—0.45 

+0.20 
—0.32 
+  0.24 
+0.92 
-0.18 

—  0.28 
-i  0.59 
+  0.29 
+  1.02 


+  21.61 
+  18.13 
+  24.19 
+  27.77 
+  11.27 
+  5.67 
+  3.32 
+  3.82 
+  34.81 
+  2S.47 
+  29.47 
+  32.17 
+  7.87 
+  3.46 
+  3.72 
+    2.31 


4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


+  0.556>;  —0.402;  +0.471  u 


+ 

+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 


44  5 
.388 
.236 
.002 
.034 
.159 
.174 
.338 
.712 
.853 
.856 
.768 
.547 
.429 
.083 
.184 
.402 
.597 
.635 


+  0.744 


4  64 
.501 
.548 
.581 
.581 
.576 
.559 
.517 
.245 
.288 
.287 
.557 
.812 
.885 
,987 
.974 
.901 
.770 
+  .737 
+  0.598 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


.4  13 
.401 
.356 
.338 
.339 
.357 
.342 
.381 
.567 
.811 
.815 
.900 
.958 
.967 
.981 
.983 
.974 
.949 
.946 


+ 
+ 
+ 
+ 
+ 
+ 


=  + 


+ 
+ 
+ 

+ 

+ 
+ 


0.064     we 

.127 

.054 

.043 

.038 

.020 

.051 

.056 

.008 

.034 

.016 
(.038) 

.163 

.059 

.017 

.084 

.007 

.178 
(.094) 
(.059) 


+  0.9T2     =   +0(.122) 


Q)C)l] 

—  1.40 
—0.84 
+  0.63 
—0.80 
+  0.03 

—  0.4  2 
—0.73 

—  0.53 
+  3.17 
+  1.85 
+  2.69 
-0.35 
-0.33 

—  0.11 
-0.42 
—0.06 

=  4.2 
=  2.8 
=  3.8 
=  6.2 
=  13.0 
=  52.8 
=  9.1 
=  26.7 
=  6.9 
=  17.6 
=  0.6 
=  0.1 
=  0.3 
=  9.0 
=  7.7 
=  18.5 
=  22.6 
=  0.9 
=  0.1 
=  0.1 
=    0.1 


From  these  equations  of  condition  we  form  the  normal  equa- 
tions, 


+  42.140); 
+    4.062 
+   8.408 


+   4.662: 
+  93.493 
+  27.667 


+  8.408  n  = 
+  27.667  = 
+  94.025      = 


+  4.932 
+  1.209 
+  7.174 


the  solution  of  which  gives, 


+  0".1043, 


— 0".0130. 


=   +0".0709 

whence  result  the  values  of  vt,  Table  VI.     By  equation  (30) 
we  find,     J-2=  0".  105,    G'  =  277°. 1  :     consequently 

9  -  cr„  =  — 0".  125  cos(<—  2407935)  X  0°.843    *       (45) 

—  0".105  cos(Q— 277°.  1) 
the  first  term  being  taken  as  assumed  in  the  previous  ex- 
planation. 

For  the  aberration  we  have  as  the  definitive  value  from 
this  series,  20".516 

Introducing  the  values  of  ),  and  :  iu  (36),  we  get  in  the 
column  u  below  the  correction  to  Ntkuve's  aberration-con- 
stant according  to  the  several  stars.  By  their  side  are 
placed  Nyhan's  values  expressed  in  terms  of  the  unknown 
parallaxes,  from  pp.  35.  36  of  his  memoir. 
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Correction  to  Strive's  Aberration. 


u 

NVHEN 

O 

— C 

Xykex 

1 

+0.188 

+  0.045 

+  0.88?r 

+0*117 

+  0.018 

2 

+    .047 

+ 

.081 

+ 

.46 



.024 

+ 

.033 

3 

+    .281 

+ 

.224 

+ 

.73 

+ 

.210 

+ 

.190 

4 

+    .002 

+ 

.078 

+ 

.49 



.069 

+ 

.031 

5 

+   .179 

+ 

.181 

+ 

.60 

+ 

.108 

+ 

.140 

6 

+   .015 

+ 

.041 

+ 

.47 



.056 



.007 

7 

+    .028 

— 

.148 

+ 

.27 



.043 



.206 

8 

+    .089 

— 

.018 

+ 

.29 

+ 

.018 



.0  75 

9 

+    .044 

— 

.066 

— 

.11 



.027 



.143 

10 

+   .165 

— 

.004 

+ 

.18 

+ 

.094 

— 

.06'! 

11 

—  .137 

— 

.288 

— 

.06 



.208 



.362 

12 

+    .050 

— 

.138 

— 

.14 



.021 



.216 

13 

+    .182 

+ 

.059 

+ 

.04 

+ 

.113 

— 

.010 

14 

+    .094 

+ 

.072 

— 

.37 

+ 

.023 



.017 

15 

+  (.178) 

+ 

.052 

— 

.38 

+ 

.107 



.(.l.'i.S 

16 

-   .083 

— 

.052 

— 

.51 



.154 



.148 

17 

+    .133 

+ 

.218 

+ 

.38 

+ 

.062 

+ 

.166 

18 

+    .077 

+ 

.177 

+ 

.28 

+ 

.006 

+ 

.120 

19 

+    .092 

+ 

.186 

+ 

.08 

+ 

.021 

+ 

.119 

20 

—  .011 

+ 

.071 

+ 

.05 



.082 

+ 

.003 

21 

+    .154 

+ 

.042 

+ 

.54 

+ 

.083 



.002 

22 

+  (.046) 

+ 

.103 

+ 

.84 



.025 

+ 

.074 

23 

+  (.005) 

+ 

.016 

+ 

.76 

.066 



.017 

24 

+  (.170) 

+  0.318 

+  0.65 

+  0.099 

+  ( 

1.279 

An  inspection  of  these  results  shows  in  the  most  satisfac- 
tory manner  that  the  extraordinary  systematic  anomalies 
which  Nyrex  found  have  practically  disappeared  in  the  new 
investigation.  This  will  be  manifest  from  the  column  O — C, 
which  gives  the  deviation  of  the  column  u  from  the  mean 
value  +0".071,  and  the  last  column,  which  gives  the  corre- 


sponding deviation  for  Nykek's  values  putting  0".05  as  a 
reasonable  assumption  for  the  average  value  of  n.  It  will 
be  seen  that  the  phis  and  minus  signs  alternate  quite  promis- 
cuously according  to  our  present  discussion.  The  mysteri- 
ous anomalies  found  by  Nyken  appear  then  to  have  been 
traced  to  their  true  source.  It  will  be  recollected  that  i In- 
correction  to  Struve's  aberration  according  to  Nyuen's  dis- 
cussion was  +0".105  +0.19jt0.  This,  by  the  above  as- 
sumption as  to  n0,  would  give  the  aberration-constant  20".560. 
Such  a  value  seemed  to  be  so  entirely  out  of  character  with 
previous  determinations,  that  Nyren  felt  constrained,  in 
view  of  the  evident  presence  of  an  unknown  disturbance — and 
while  frankly  admitting  that  the  process  was  an  arbitrary 
one  —  to  take  the  mean  by  quadrants,  and  to  ignore  the 
term  for  the  parallax  entirely;  in  other  words  to  call  the 
parallax  zero.  It  is  certainly  gratifying  to  find  that  the  re- 
sults are  now  harmonious  without  resorting  to  arbitrary 
assumptions  or  processes,  and  that  we  find  in  this  series  an 
additional  proof  of  the  correctness  of  the  law  of  the  vari- 
ation of  latitude  developed  in  these  papers.  I  have  already 
(  p.  1  78,  vol.  XII)  alluded  to  the  circumstance  that  the  time 
chosen  for  this  series  was  fortuitously  favorable  to  the  small- 
est possible  effect  of  the  latitude-variation  upon  the  aber- 
ration, since  the  427-day  and  annual  terms  then  nearly 
nullified  each  other.  A  year  or  two  earlier  or  later  they 
would  have  been  so  magnified  that  it  seems  impossible  that 
their  meaning  could  have  escaped  the  acuteuess  of  the  as- 
tronomers at  Pulkowa.  That  they  should  appear  so  clearh 
in  the  observations  of  1880-82  is  the  best  possible  testimony 
to  the  high  character  of  this  beautiful  series  of  observ  a- 
tions. 


Table  VI.     Nykhx's  Prime-Vertical  Observations  or 

I'wenty-Four  Stars,   1879-82. 

t 

m>        n           »'           i\ 

v2 

t 

w        n          n1            vt 

v.. 

{            10       n          n'           v,          ds 

(3  Cassiopeae. 

X  Cassiopeae. 

10  H.  Camelopardalis.  —  Cont. 

1  880-8  1 

!'                         |                        If 

" 

1880-81 

u           "           ' 

it 

1881                             n              it               it              n 

Feb.   23 

3   +.16   +.07   +.02 

+  .18 

Feb.    23 

3   +.02  —.07   +.05 

—.01 

Jan.      5      1    —.16  —.24   —.12  —.17 

July    20 

1  —.12       .00  —.08 

—.11 

Aus.  i'ii 

9       .00   +.12  —.09 

.00 

Oct.    17     2   +.14   +.26   +.10   +.20 

Aug.  15 

7  —.13  —.01    +.05 

—.07 

Dec.   15 

3  —.34  —.38  —.08 

—.25 

[ivim], [ww]    0.12     0.45     0.04     0.19 

Dec.      1 

1   —.30  —.32  —.02 

—  .13 

Jan.    19 

2  —.12  —.21    +.H1 

—  .11 

Jan.     17 

5  —.15  —.24  —.10 

—  .06 

Aug.  2:; 

2£  +.18   +.28   +.09 

+  .16 

DM.  793. 

Feb.     13 

2   +.37   +.25   +.25 

+  .38 

Sept.       7 

2    +.29    +.40    +.28 

+  ..",2 

l^'-M                       n                it               it               ii 

June   30 

5   +.07   +.08  —.08 

—.05 

[wnn],  [twtl  0.63     1.18     0.28 

0.46 

Feb.     8     3  —.07  —.18  —.02  — 08 

Any;.     5 

2    +.01    +.08   +.08 

.00 

Feb.   20     4  —.16  —.26  —.07  — 18 

[wnn'],  [ww]   0.71     0.57     0.24 

0.46 

1880-81 

2  H.  Camelopardalis. 

It                  /; 

Sept.  22  3  +.05  +.15  +.05  +.08 
Oct.    17     3  —.11   —.05  —.16  —.06 

o  uassiopeae. 

Feb.    19 

3  —.15  —.25  —.10 

—  .19 

Feb.   22     4    +.13    +.01    +.11    +.13 

Dec.   20 

5   —.13  —.25  —.ns 

—.07 

Mar.     8 

2  —.14  —.20  —.03 

—  .is 

Sept.  24     4    +.04   +.16   +.06   +.10 

Jan.    20 

2  —.03  —.15   +.04 

+  .02 

Aug.  18 

4   +.02   +.14  —.02 

—  .02 

[town], [www]   0.23     0.54     0.18     0.28 

Aug.    3 

4    +.15    +.-.'7    +.15 

+  .16 

Aug.  30 

4    +.09    +.20   +.02 

+  .06 

Aug.  20 

10  — .06   +.06  — .05 

02 

Jan.    20 

2  —.07  —.17  —.10 

—.08 

1 1  Camelopardalis. 

Dec.    1  1 
Jan.    17 

Ft-li.     in 

2  —.30  —.33  —.18 

5  —.09  —.18   +.02 

3  +.07  —.04   +.15 

—.16 

—.01 
+  .09 

Feb.    17     3   +.19   +.07   +.21 
Sept.  19     4   +.12    +.21    +.04 
[wnn],  [w]   0.32     0.81     0.20 

+  .13 

+  .14 

0.34 

1890-81                        II                n                                  n 

Feb.  11  3  +.04  —.07  —.02  +.02 
Feb.  24  3  —.08  —.17  —.16  —.10 
Sept.  23     5  —.07   +.02  —.03  —.06 

June  30 
Aug.  17 

5  —.04  —.02  —.13 
3  —.04   +.05  —.06 

—.16 
—.04 

1880 

10  H.  Camelopardalis. 

it                n                It 

ft 

Oct.  14  4  —.10  —.04  —.o2  —.07 
Feb.   26     4    +.24   +.12   +.13   +.19 

Sept.    3 

3   +.24   +.35   +.26 

+  .30 

Fell.   22 

3  —.08  —.18  —.02 

—.16 

Oct.      8     3  —.05   +.07   +.07   +.03 

[«mn"|,  fwwwl   0.63     1.44     0  58 

0.61 

Sept.  18 

5    +.08    +.18  —.03 

+  .05 

r«mn"|.  [vmv]   0.33     0.18     0.16     0.21 
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t           w        n          n'           »,           v., 

l            \i        n           n' 

t'l            t>s 

t             if         n           »'            »,            v-> 

37  Ciuuih'i'tirilulis. 

u  Ursue  Majoris.  — 

-Cout. 

b  Draconis. 

1880  v|                          //                 ■■                 n                 n 

1880-81  8S                      »      "           // 

a           a 

1880-81                           "                 "                 "                 « 

Mar.     1     2  —.24  —.33  —.26  —.27 

May      9     5  —.02   +.02 

+  .07       .00 

Mar.   27     2    +.16    +.11     +.02    +.05 

Mar.  18    3<       .00  —.06   +.01   —.03 

Nov.  26     2   +.08   +.07 

+  .13    +.11 

Apr.    14      •>),  —  .04   —.06  —.16   —.15 

Nov.     1     2   +.15   +.19   +.15   +.19 

Jan.    21      4    +.41    +.31 

+  .21    +.38 

May      7     4" +.13   +.17   +.07   +.06 

Nov    23     3  —.01   —.01   —.03    -t-.03 

May    10     4    +.13   +.05 

+  .10  +.03 

Aug.  31      5   —.15  —.04    +.01    —.01 

Mar.     9      1    +.17    +.05    +.12    +.10 

May    29     5  —.13  —.18 

—.06  —.21 

Sept.  13     3  —.25  —.14  —.07  —.09 

Oct.      4      1    —.26  —.14  —.20  —.20 

Nov.  30      1    —.21   —.12 

—.07  —.08 

Oct.      2     3  —.16  —.07   +.02   +.02 

[ten,].  [wvv]   0.34     0.33     0.28     0.30 

Jan.    15     2  —.03  —.01 

—.10   +.06 

Apr.    11      8    +.22    +.11    +.01    +.03 

2  Lynda. 

1880-81                                                It                         "                             !•                             II 

Feb.    16     5  —.11    —.21   —.09  —.13 

I  "/mi],  [wdu]  0.96     0.78 

0.61      0.97 

May    13     3    +.20   +.13    +.02   +.02 

74  Urscte  Majoi 

1880-81-82                     ii                 n' 

■is. 

Sept.     4      1    —.20  —.09   —.04    —.05 
Sept.  25     2  —.09    +.03    +.12    +.11 

Mar.     8     3    +.12   +.05   +.09    +.10 

May    13     4  —.15   —.11 

—  .03  —.10 

[wmn],  [ivvv]  1.18     0.42     0.14     0.14 

Sept.23     5  —.12  —.03  —.13  —.10 

Jan.    22     3   +.23   +.13 

+  .12   +.21 

o  Draconis. 

1878-80-81                       "                 "                "                 " 

Oct.    15     2  —.16  —.10  —.10  —.13 

May    15     7    +.02  —.05 

+  .02  —.04 

Feb.   25     3   +.10  —.02   +.07   +.05 

Jan.    23     4  —.08   —.08 

—.09       .00 

Dee.   21      1    +.04   —.08  —.16    +  .04 

Mar.   20     4    +.12        .00  —.01    +.03 

[wmn],  [ivvv]  0.28     0.14 

0.08     0.18 

Mar.   23     4  —.02  —.08  —.11   —.14 

Oct.      6     2   +.36   +.48   +.44   +.43 

75  Ursue  Majo 

1880-81-82                      "                 " 

Apr.    16     3  —.05  —.04  —.05  —.14 

[«mn],  [ivvv]  0.57     0.71      0.56     0.59 

'IS. 

May      7     4    +.08    +  .12    +.13        .00 

14  Lyncis. 

1880-8)                             ii      '        »                 "                ii 

May    14      2   —.16   —.12 
Jan.    24     2  —.08  —.18 

+  .03  —.03 
—.10   —.02 

Auo.  30     6— .11        .00  —.01    +.01 
Sept.  22      5  —.14   —.04   —.07    +.02 

Feb.   24     2  —.04  —.13  —.07  —.10 

May    11     4   —.08  —.16 

—.01   —.07 

Oct.    22     3   +.08   +.14    +.09   +.25 

Mar.  22     6   +.06       .00   +.02       .00 

Jan.     19      2    +.01    +.02 

+  .10   +.18 

Apr.    13     5    +.22    +.11    +.10   +.01 

Oct.    28     3   +.02   +.07  —.05  —.03 

[wmn],  [wvv]   0.09     0.20 

0.04     0.09 

May   13     3  —.06  —.13  —.12  —.26 

Nov.  23     3   +.10   +.10   +.05   +.10 

Radcliffe  3104 

Sept.    6     3  —.14  —.03  —.04       .00 

Doc.   22     1    +.16   +.11    +.13   +.15 

1880-81-82                      "                 a 

n 

Sept.  21     3  —.07   +.05   +.02   +.11 

Mar.     2     2       .00  —.12  —.07  —.10 

May    11     2  —.06  —.02 

+  .04    +.03 

Oct.    28     1    +.23   +.35   +.29   +.47 

Mar.  23     6   +.11  —.01    +.01   —.02 

Feb.    23     2  —.04  —.16 

+  .01   —.06 

[wmn],  [wvv]  0.60     0.40     0.38     0.78 

Dec.      9     J   —.15  —.08  —.09  —.05 
[wmn],  [toim]  0.17     0.12     0.06     0.09 

May   22     3   +.01  —.04 
Jan.    27     2  —.12  —.12 

—.02   +.01 
—  .01    +.01 

Radcliffe  4511. 

188(1-81                               "                  ii                ii                  " 

15  Lyncis. 

1880-81                               ii              *»            " 

[wmn],  [wvv]   0.04     0.09 

0.00     0.01   ' 

Sept.   18     3  —.12  —.02   +.04    +.01 

t  Draconis. 

Oct.       2     3   -.16   -.07  —.09  —.03 

Feb.    15     6   +.04  —.06       .00  +.03 

1880-81                           l                 li 

II                      II 

Oct.    29     3   +.20   +.24    +.04   +.33 

Mar.    11      6  —.09  —.16  —.14   —.10 

Mar.     6     4   +.08       .00 

+  .08  —.02 

Juue   11      2  —.08  —.10  —.14  —.27 

Oct.      9     3  —.28   —.21   —.02   —.24 

Mar.   27     7   +.02  —.03 

—  .12  —.07 

June  22     4    +.09   +.08   +.08  —.09 

Nov.  23     3  —.04  —.04   +.15   +.01 

July    26     5   —.11    +.01 

+  .04  —.01 

[wmn],  [wvv]  0.28     0.23     0.09     0.50 
Radcliffe  5074. 

1880-81                            "               "                 M                 " 

Dec.   22     1   —.14  —.20  —.04  —.11 
Mar.     3     3   +.11   —.01    +.03   +.06 

Aug.  24     6  —.33  —.21 
Sept.  24     2  —.32  —.23 

—.13  —.19 
—.12  —.17 

Mar.   21      7   +.26   +.14    +.15   +.19 

Mar.   13     4    +.25   +.13 

+  .05   +.10 

Oct.    31     4   +.01    +.05   +.10   +.12 

Oct.      4      1—41   —.29  —.11   —.33 

Mar.  29     6   +.37   +.25 

+  .16   +.21 

Nov.  17     U—  .26  —.26  —.20  —.17 

[wm?i],  [wvv]  1.00     0.58     0.35     0.54 

Aug.  10     2  —.05   +.03 

+  .09    +.03 

July    14     4"  +  . 07   +.11   —.02  —.06 

24  Lyncis. 

1880-81                            //                ■'                 ii                 " 

Mar.    16     5  —.07  —.14  —.09  —.08 

Sept.  19     5  —.14    +.02 

+  .13   +.08 

[wmn],  [wvv]  0.12     0.16     0.10     0.12 
B.A.C.  7387. 

1880-81                           "                 "                 "                 " 

[wmn],  [wvv]  2.12     0.82 
6  Draconis. 

0.54     0.63 

Mar.   28     4.1  +  .01   —.03   +.01    +.01 

1880-81                            "                // 

II                      II 

Oct.    31     4    +.21    +.26   +.26  +.33 

Oct.    23     3"— .19  —.13  —.08  —.12 

Mar.    14     2.V— .17  —.24 

—.31   —.30 

Nov.   17     2  —.44  —.43  —.42  —.34 

Nov.   23     3   +.06   +.06   +.12   +.11 

Mar.   28     5"  +  . 14    +.10 

.00   +.02 

July    13     5   +.02   +.05  —.04  —.13 
[wim],  [wvv]  0.57     0.65     0.65     0.75 

15  Cephei. 

Ivdi-Sl                               "                    »                   "                    " 

Mar.   10     7   +.08  —.04    +.01    +.03 

July    24     2   +.01    +.13 

+  .06   +.08 

Mar.  30     8   +.12       .00   +.01    +.04 

Aug.  15     3  —.15  —.03 

—.04  —.05 

Oct.    16     1   _.u    +.01    +.05       .00 

Aug.  31     3  —.23  —.11 

—.08  —.10 

Nov.  30     1   —.29  —.20  —.13  —.14 

Sept.  19     2  —.18  —.08 

.00  —.05  ( 

X.>y.     8     3  —.21   —.18     0.00  —.09 

[wmn],  [wvv]  0.40     0.22     0.13     0.16 
u  Urscte  Mdjoris. 

ls;'.t-.^t                       "                 ii                ii               n 

Dec.   22     2  —.17  —.29  —.32  —.23 

Mar.  12     3    +.37   +.25 

+  .18   +.20  , 

Julv    25     3   +.19   +.25     0.00   +.09 

Mar.   29     5   +.27   +.15 
Aug.  10     2  —.06    +.02 
Sept.  19     5  —.14  —.02 

+  .05   +.07 

.00       .00 

+  .06   +.01 

[wmn],  [wvv]  0.24     C.28     0.00     0.05 
24  Stars  ;  total. 

Apr.   12     6  —.06  —.08  —.12  —.07 

[wmn],  [troy]  1.34     0.58 

0.40     0.42 

[wmn],  [wmv]13.27  11.88     6.09     8.87 

§8.     Nyren's  Prime-Vektical  Observations  of  Four  Stars,   1875-79. 
This  is  the  unpublished  series  briefly  mentioned  on  p.  65.    |  existence   and  true  law  of    the    latitude-variation   was  un- 
An  examination  shows  that  it  constitutes  one  of  the  most   !  known,  the  stars  give  indeed  extremely  discordant  values  of 
valuable  and   decisive  that   we   possess.     If  we  treat  it  in      the  aberration-constant,  as  follows  : 
what  lias  been  heretofore  the  customary  .manner,  when  the   | 
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h    in 

" 

1  18 

20.653 

9  42 

20.669 

15  22 

20.236 

18  19 

20.113 

8  Cassiopeae,  a 

u  Urstie  Majoris, 
i  Draconis, 
oDraconis, 

These  values  betray,  in  an  exaggerated  form,  systematic 
discordances  like  those  which  Nyr£n  subsequently  found  in 
the  24  stars  observed  in  1879-82,  discussed  in  his  published 
memoir  on  the  aberration.  The  reason  will  be  obvious  by 
referring  to  the  left-hand  page  of  the  charts  in  no.  277. 
It  will  there  be  seen  that  the  amplitude  of  the  latitude- 
variations  between  1875  and  1879  (Julian  dates  240  61 00T. 
7400)  was  very  large,  while  from  1879  to  1882  (240  7700- 
8500)  it  was  small.  The  investigation  which  I  now  pro- 
ceed to  give  results  in  a  formula  for  the  latitude-variation 
agreeing  well  with  that  derived  from  the  Vertical  Circle 
1863-75  (eq.(41)  and  (42)),  while  the  differences  above 
shown,  between  the  aberrations  from  the  four  stars,  almost 
completely  disappear. 

The  observations  were  reduced  to  1881 .0,  and  mean  values 
of  n  formed,  as  given  in  Table  VII  below,  with  the  decli- 
nations and  proper  motions  assumed  for  the  same  stars  in 
the  later  observations,  given  in  Table  VI.  Forming  equa- 
tions of  condition  according  to  (35),  computing  the  co- 
effleients  of  (25)  with  0  =  0°.835,  7"„  =  2407091,  we 
get  the  following  normal  equations  from  all  the  observations 
of  these  four  stars  from  1875  to  1882.  The  two  values  of 
a  inclosed  in  brackets  in  Table  VII  were  rejected  as  anoma- 
lous. 

8  Cassiopeae. 

+  102.75X  +  14.18F— 16.43Z  +  3.04?/+  8.61z  =  —  !).12 
+  14.18  +71.53  —26.09  —3.29  —8.92  =+11.24 
—  16.43  —26.09  +31.11  +  6.81  —  8.69  =  —  7.74 
+  3.04  —3.29  +  6.81  +46.59  —10.18  =—  2.45 
+     8.61     —8.92     —8.69      -10.18    +56.24    =—10.70 


u  Ursae  Majoris. 

+  67. 00X  + 16.95  F  +  23.51.Z+   4.13y  —  ."..572: 

+  16.95      +45.15      +19.62     —    1.27    —  9.20    ; 

+  23.51      +19.62      +21.93      +    0.41    —   7.82    : 

+  4.13     —   1.27      +   0.41      +37.82    +   0.44    : 

—  3.57     —9.20     —7.82      +    0.4  I    +29.21    : 

(  Draconis. 

+  105. 50 A*  +34.07  Y—  9.44Z— 12.92)/—  9.7  1;: 
+   34.07      +30.52     —25.72     —  4.07   —11.05 

—  9.44     —25.72      +75.01      —   1.34   —   1.65    : 

—  12.92     —  4.07     —   1.34     +46.01    +   3.05    : 

—  9.74     —11.05     —  1.65      +   3.05   +59.49    : 

o  Draconis. 

+  101.50X  +  20.56F— 19.21.Z—  4.59»/+   3.6O2: 
+   20.56     +25.41      +18.33      +   3.07    +    1.20   : 

—  19.21      +18.33     +76.17     +   3.87    —  4.65   : 

—  4.59     +   3.07-    +   3.87     +44.11     +   6.11    : 
+     3.60     +    1.20     —  4.65      +   6.41     +57.29    : 


=  + 


2.80 
6.75 
3.00 
2.91 
2.81 


1.45 

2.72 
-  0.35 

—  2.90 

—  1  1.99 


—  3.64 
;—  3.43 

:—  8.61 
:—  5.69 
:— 13.06 


Eliminating  X,  Y,  and  Z.   and  adding   the  elimination- 
equations,  we  have 


+  0.02(12 

49.6 

—0.3416 

20.3 

—  .1653 

2  7.2 

-  .0961 

9.1 

+  .0827 

12.6 

+  .0089 

4  7.8 

+  0.0518 

1  4.4 

—0.1537 

49.3 

+  169.371?/—     0.0072  =  —11.574 
—     0.007      +183.370     =—41.413 

whence,  )/  =  — 0".0683.     z  =  — 0".2258 

which,  by  (30)  and  (25)  give     T'„  =  240  71  II,    »-,  =  0".236. 
Substituting  y  and  z   in  the  normal  equations  for  the  four 
stars,  and  solving,  we  have, 


8  Cassiopeae,  — 0. 1 26 
u  Ursae  Majoris.  +  .026 
t  Draconis,  —  .069 

0  Draconis,  — 0.070 

By  (27),  (37)  and  (38),  we  get, 

,"° 
SCassiop.        +0.813/,—  0.063:  +  0.665?<  =  +0.043        74.0 
uUrs.Maj.      —  .712   —  .245    +    .567    =+    .141        39.6 
iDraconis,      —  .547    +   .812    +   .958    =—  .038       26.6 
oDraconis,      +0.184     +0.974     +0.983    =—0.140        40.3 

which  give  the  normal  equations, 

+  78.518//  —  0.406  C  +  18.478?/  =  —  ■/. 0 1 5 
—  0.406  +64.140  +  56.392  =  —8.730 
+  18.478     +56.392      +114.565      =—2.033 

whence     ■/,  =  —  0".0507,     £  =  —  0".2257,      «=+0".1015 

The  aberration  consequently  is  20". 547.  This  result, 
however,  is  not  entirely  independent  of  that  in  §7,  and  1 
think  it  better  to  make  it  so  by  deriving  it  from  the  obser- 
vations of  1875-79  alone.  Accordingly,  substituting  the 
above  values  of  y,  2.  r,  and  £,  in  the  original  equations  for 
this  portion  of  the  series,  and  solving  according  to  (40),  we 

get, 

X  Y  Wj  X 

n  11 

a  Cassiopeae,        —0.149  +0.0751 

a  Ursae  Majoris,    +    .080  —   .0899 

1  Draconis,            —  .08!)  +    .1524 
oDraconis.           —0.140  +0.1980 

Introducing  these  values  of  Y and  Z,  and  their  weights, 
in  (28),  putting  8rt  and  8£  for  /,  and  £,  and  ignoring  ,t.  we 
get  the  normal  equations. 

+  6O.600.V),    +17.705»  =  +4.637 
+  17.705        +30.193      =   +2.306 

+59.500  8£  +  38.946  m  =  +3".375 
+  38.946       +36.999      =   +4.493 

whence  the  most  probable  value  of     u  =   +0".0886. 

Consequently  the  aberration  from  the  observations  of 
1875-79  alone  is 

SO  .534 

which  I  adopt  as  the  definitive  value  from  this  series.  We 
also  have  8n  =  +0". 0506,  8£  =  —  0".0012;  which, 
added  to  the  above  /,  and  £,  give,  by  (30),  G'  =  360°.0 
and  r.-,  =  0".227.  Consequently  the  expression  for  the 
latitude-variation  is, 

c  — cr„  =  — 0".236  cos(?— 1878  May  6)  X  0°.835  (46) 

— 0".227  cos (O— 36o  .0) 


34.0 

—0.1968 

10.3 

9.7 

+  .0196 

1.0 

8.4 

+  .2318 

21.3 

8.5 

+  0.0159 

23.9 
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It  is  of  Interest  to  compare  the  values  of  the  aberration 

for  the  separate  stars  after  the  elimination  of  the  latitude- 
variation,  with  those  which  result  when  it  is  ignored.  The 
former  are  given  in  column  I  below  (determined  by  (34  I  I, 

ami  the  latter  in  column  II. 


II 


20.555 
20.549 

20.555 
20.498 


20.653 
20.669 

20.230 
20.113 


ft  Cussiopeae, 

I  'rsae  Majoris, 
i  Draconis, 
o  Draconis, 

The  beautiful  agreement  in  I,  and  the  intolerable  dis- 
cordance in  II,  afford  most  convincing  evidence,  if  any 
were  now  needed,  of  the  reality  of  the  law  of  the  latitude- 
variation. 


An  indeterminate  solution   has  also  been  made  for  the 
observations  of  1875-1879  alone,  in  the  same  manner  as  for 
Struve's  observations  in  §6.     This  may  be  useful  iu  show- 
ing how  far  the  aberration  here  deduced  is  independent  of 
the    particular    values    attributed    to   the   constants  of   the 
latitude-variation.     Without  giving  the  details  of  the  solu- 
tion I  will  simply  present  the  resulting  equations. 
,;  =  +  0".009   +0.004  y   +0.263  2 
Z  =  —  0  .232   +0.033     —0.037 
Aberration  =     20  .551  —0.037      +0.033 
It  only  remains  to  say,  that  the  values  of  v  in  Table  VII 
are  the  residuals  which  come  from  the  substitution  of  the 
values  of  X,  Fand  Z,  given  near  the  end  of  p.  69,  in  the 
equations  from  which  they  were  derived. 


T 

4BLE  VII.     Nyren's  Prime- Vertical  Observations, 

1875-7 

9. 

t 

if 

71 

V 

t 

w 

11                  t! 

t 

ir 

n 

V 

t 

w 

n 

V 

s  a 

ssiopeae. 

o  Ursae  Majoris. 

iDraconis. 

—  Cout. 

a  Draconis. 

—  Cont. 

75  July     7 

11 

+  .10 

— !o8 

75  Oct.  21 

2 

+  .86    -1-  76 

76  Apr.    1 

2 

—.14 

—.04 

75  Nov.    8 

2 

—^37 

—.08 

IS 

4 

+  .17 

—.06 

Dec.    1 

3 

—.35   —.41 

July  29 

2 

+  .14 

—.09 

23 

1 

—.36 

+  .02 

25 

3 

+  .30 

+  .04 

76  Apr.  22 

4 

+  .03   +.16 

Aug.  8 

4 

+  .25 

+  .04 

76  Apr.  16 

3 

+  .04 

+  .28 

Dec.     3 

1  \ 

—.46 

—.19 

May  1 1 

3 

—.02   +.04 

13 

3 

+  .28 

+  .08 

May  10 

2 

+  .14 

+  .03 

11 

3 

—  .44 

—  .11 

June    2 

4 

—  .10  —.14 

26 

2 

—.04 

—.21 

Aug.  24 

2 

+  .26 

—.08 

28 

4 

—.56 

—.09 

Dec.    1 

9 

+  .45   +.23 

Sept. 25 

1 

+  .05 

—.01 

Sept.  1 

5 

+  .43 

+  .12 

76  Feb.    15 

1 

—.33 

+  .36 

13 

2 

+  .05   —.10 

77  Feb.  13 

2 

—  .42 

—.04 

12 

2 

+  .45 

+  .17 

June     3 

3 

—  .33 

—  .25 

77  May  21 

2 

—.13   +.10 

Mar.  1 1 

3 

—.43 

—.10 

28 

1 

+  .22 

+  .02 

11 

'I 

—.15 

—.15 

June   3 

2 

—.28  —.12 

22 

2 

—.45 

—  .14 

77  Apr.    4 

H 

— .77 

—.26 

20 

1 

—.03 

—.11 

27 

1 

—.03   +.02 

Julv  20 

3 

+  .16 

+  .06 

19 

2 

—.51 

—  .09 

29 

3 

+  .17 

+  .01 

78  Apr.  29 

2 

—.17   +.23 

26 

3 

+  .30 

+  .18 

May  16 

2 

—.32 

—.08 

Julv    21 

2 

+  .38 

+  .05 

May  11 

3 

—.36   +.03 

Oct.     4 

o 

—.03 

—.15 

*  23 

3 

—.43 

—.24 

Dec.   10 

4 

—.02 

+  .17 

15 

3 

—.43  —.05 

78  Feb.  13 

H 

+  .23 

+  .46 

Oct.    4 

2 

+  .16 

—  .11 

77  Feb.   14 

4 

—.70 

+  .04          June  19 

2 

—  .62  —.36 

22 

2 

—.02 

+  .22 

19 

2 

+  .08 

—.13 

June   12 

] 

—.43 

—.14          Nov.  -8 

1 

+  .07  —.46 

Mar.  13 

2 

—.74 

—.48 

Nov.   5 

2 

—.08 

—  .20 

Julv      7 

2 

+  .22 

+  .16 

29 

1 

(+.80)      - 

25 

3 

—.30 

—.04 

78  Mar.  24 

1 

—.53 

.00 

24 

4 

+  .39 

+  .17 

Dec.  28 

3 

(  +  .77)      - 

Aug.  2 

4 

—.08 

+  .01 

Apr.    8 

2 

—.16 

+  .34 

Dec.      9 

H 

—.03 

—.06 

[«m?i],  [/''t'i'l 

4.26     2.63 

9 

3 

.00 

+  .07 

23 

2 

—.41 

+  .05 

78  Jan.   24 

2 

—.44 

—.02 

24 

3 

—.11 

—.06 

May    5 

3 

—.68 

—.26 

Feb.    14 

1 

— .57 

+  .04 

iL 

raconis. 

Sept.  5 

2 

—.17 

—  .15 

14 

3 

—.23 

+  .15 

27 

oi 

-4 

—.68 

.00 

n             it 

16 

1 

—.19 

—.18 

Sept.  6 

4 

+  .06 

—.10 

June   21 

4 

—.28 

+  .02 

75  Julv  18 

4 

+  .15   —.01 

[wmw],  [wm 

] 

4.38 

1.78 

14 

3 

+  .18 

+  .01 

Julv      2 

1] 

+  .02 

+  .22 

22 

3 

+  .38   +.23 

30 

2 

+  .10 

—.07 

16 

H 

+  .25 

+  .32 

25 

3 

—.01   —.16 

o  Draconis. 

Oct.  19 

3 

+  .20 

+  .04 

27 

2 

—.18 

—  .22 

Aug.  11 

2 

+  .11    +.04 

" 

V 

Aug.     2 

3 

-.05 

—.13 

76  Jan.  11 

1 

—  .02   +.39 

75  Sept.  29 

3 

+  .08 

+  .10 

[w>U«],   [Ml 

•] 

6.69 

1.50 

[tmi»],  [ww] 

8.33 

1.16 

Mar.  14 

1 

+  .08   +.27 

Oct.  16 

2 

+  .05 

+  .18 

OBSERVATIONS   OF   SOME   SUSPECTED  VARIABLE   STARS, 

By  EDWIN  F.   SAWYER. 


In  vol.  VIII,  no.  184,  of  the  A.  J.,  I  published  the  obser- 
vations of  a  number  of  stars  whose  constancy  of  light  had 
been  suspected  with  greater  or  less  reason,  by  many  au- 
thorities, but  chiefly  selected  from  the  large  uumber  of  such 
cases  published  in  the  Uranometria  Argentina.  The  follow- 
ing observations  form  a  continuation  of  this  list.  The 
arrangement  of  the  stars  is  iu  the  order  of  right-ascension, 
the  places  being  for  1875.  The  observations  represent  the 
results  derived  from  the  sequences,  together  with  other  and 
separate  comparisons  with  two  or  more,  ueighboriug  stars  ; 
*  Now  being  distributed. 


the  magnitudes  given  being  the  average  deduced  values  from 
Dr.  Gould's  work,  and  my  recently  published  revision  of 
the  same.* 

Although  the  evidence  in  most  of  the  cases  given  is  de- 
cidedly in  favor  of  the  coustaucy  of  light,  yet  a  few  stars 
specially  mentioned  need  further  attention,  which  will  be 
given  as  the  opportunity  offers. 

With  the  exception  of  those  made  in  the  \ears  1S92  and 
1893,  the  observations  will  be  found  in  detail  in  my  Cata- 
logue. 
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No. 

U.A.  No. 

1875.0 
a                            <S 

No. 
Obs. 

Included  Dates 

Rauge 

in  Mag. 

Eange  at 
Cordoba 

1 

72  Ceti 

h      m      s 
0  37   53 

O             / 

—  11    17.3 

6 

1882  to  1892 

4.9 

to  5.1 

4.9  to  5.3 

2 

108  Piscium 

1      1   50 

+   9    14.4 

6 

(I 

•' 

6.7 

6.95 

3 

110  Phr in  in. 

2  23 

+    9     3.9 

6 

(( 

it 

7.0 

7.1 

4 

1 12  Piscium 

4  56 

+    9   37.0 

6 

.<. 

t< 

6.4 

6.6 

5 

1 1 8  Ceti 

8     6 

—  8  35.7 

4 

L884 

1892 

5.1 

5.2 

5.3       5.7 

6 

132  Ceti 

16  11 

—  1      6.2 

4 

[882 

1892 

6.8 

6.9 

6.6       7.3 

7 

124  Sculptor  is 

33  30 

—29  39.5 

6 

1884 

1892 

7.0 

7.2 

8 

133  Piscium 

47  46 

+   8     9.9 

4 

1SN2 

1889 

6.85 

6.9 

9 

192  Ceti 

51  38 

—  2  40.2 

6 

1882 

1892 

6.25 

6.4 

U) 

135  Pisciu/a 

53  39 

+   2  30.1- 

6 

(( 

It 

5.8 

6.15 

6.0       6.4 

11 

15  Fornacia 

58  53 

—29  53.8 

3 

1  N  S  1 

1886 

4.9       5.7 

12 

224  Ceti 

2     6  24 

—  2  58. 7V 

7 

1882 

1892 

5.4 

5.6 

5.7       5.9 

13 

100  Leporis 

6     5  36 

—27     7.6 

6 

1882 

1893 

6.2 

6.35 

5.9       6.4 

14 

80  Canis  Majoris 

45     6 

—27    11.4 

9 

l( 

t  ( 

7.1 

7.3 

15 

108  Puppis 

7  28  42 

—22     1.6 

6 

(t 

l( 

5.0 

5.3 

4.5        1.9 

16 

111,  12  Puppis 

29     2 

—23  12.2 

7 

i  i 

tt 

5.6 

5.8 

5.6       6.0 

17 

308  Puppis 

8  20  48 

—  12     7.5 

6 

1884 

181)3 

6.0 

6.3 

5 1         6 

18 

6  Pyxidis 

24   12 

—26  55.0 

6 

CI 

*• 

6.9 

7.05 

6. "9        7.7 

19 

20  Pyxidis 

v34  31 

—29     7.0 

6 

K 

V   ( 

5.4 

5.65 

5*        5| 

20 

70  Hydrae 

45  26 

—  6  42.5 

6 

tt 

. . 

5.8 

5.95 

5.7       6.3 

21 

47  Pyxidis 

57  41 

—25     0.6 

6 

tt 

.  t 

6.8 

6.95 

6.8       7.0 

22 

141  Hydrae 

9  21   35 

—21   47.7 

7 

.  . 

I  i 

5.3 

5.4 

23 

17o  Hydrae 

33  28 

—  0  34.5 

7 

t( 

4. 

3.9 

4.3 

3.7        1.3 

24 

257  Hydrae 

10  47   23 

—19  27.8 

6 

tv 

t  i 

5.4 

5.65 

5.2       5.7 

25 

272  Hydrae 

11     3  53 

—31   41.3 

7 

tt 

tt 

5.85 

6.1 

5.6       6.1 

26 

139  FAITHS 

13   16  20 

—  17     4.8 

5 

1882 

1888 

5.65 

5.8 

5.2       5.9 

27 

148  FiYguiu's 

20    17 

—  15   19.5 

4 

U 

It 

5.0 

5.1 

4.8       5.1 

28 

238  Virgin  is 

14   13     6 

—  1   41.2 

5 

u 

" 

5.7 

5.8 

5.1        5.6 

29 

241  Virgin  is 

15  32 

—   1    24.9 

5 

l( 

tt 

6.8 

7.0 

6.8       7.2 

30 

22  Scorpii 

16     0     6 

—13  44.0 

5 

( t 

tt 

6.5 

6.7 

6.7       7.0 

31 

48  Scorjiii 

8  48 

—14  32.0 

4 

( t 

.  . 

6.25 

6.15 

6.1        6.7 

32 

15  Ophiuchi 

10  47 

—18  10.2 

12 

1882 

1892 

4.6 

5.0 

4.3       4.7 

33 

70  Ophiuchi 

54  28 

—  4     2.0 

50 

u 

tt 

5.4 

5.5 

5.1        5.9 

34 

141  Ophiuchi 

17  20     0 

—  4  58.4 

11 

•  I 

I  t 

4.65 

4.9 

4.5       5.1 

35 

149  Ophiuchi 

23  47 

—23  51.8 

5 

It 

tt 

5.1 

5.3 

4.8       5.6 

36 

32  Sagittarii 

18     0  33 

—17   lo. 1 

11 

(( 

.  . 

5.8 

6.0 

37 

50  Sagittarii 

9  54 

—  17  24.9 

15 

( t 

tt 

6.3 

6.65 

38 

56  Sagittarii 

13  50 

—24  58.1 

10 

.  t 

kt 

6.7 

7.0 

6           11 

39 

73  Sagittarii 

21   39 

—25  20.0 

8 

tt 

.  ( 

6.7 

6.9 

40 

14  iSTcuti 

28  2  4 

—  8    19.8 

13 

4  t 

.  4 

3.55 

4.1 

.   .   . 

41 

104  Sagittarii 

12    1.". 

—  20  27.0 

9 

•  I 

5.5 

5.75 

5.4       5.9 

12 

142  Sagittarii 

.v.i    19 

—  18  55.7 

9 

(  i 

4  4 

6.5 

6.8 

6.3       7.0 

43 

117  Sagittarii 

19     2  20 

—21    13.2 

7 

'• 

I  t 

2.9 

3.1 

2.7       3.2 

44 

182  Sagittarii 

17  56 

—21    12.3 

14 

tt 

•  t 

5.6 

6.1 

i  mag. 

45 

53  Aquilae 

2.',  .VI 

+   2  38.8 

11 

1888 

1892 

6.7 

6.8 

6.3       7.2 

46 

135   Aquiiar 

20  18  15 

4-  0  40.0 

13 

1882 

1892 

6.1 

6.5 

5.8       6.1 

47 

146  Aquilae 

31   53 

—   1    32.4 

8 

1884 

1892 

1.5 

4.8 

48 

13  Aquarii 

45  32 

—  5  58.5 

10 

1882 

1892 

5.55 

5.75 

5.1        5.8 

49 

24  Aquarii 

50     9 

—10   10.5 

10 

£C 

tt 

5.75 

6.05 

5.8        6.1 

50 

78  Capricorni 

21      2  24 

—21     3.2 

9 

it 

t  4 

6.5 

6.65 

6.3       6.8 

51 

4  9  Aquarii 

4      2 

—  9  51.6 

10 

(t 

i  . 

6.5 

6.6 

6.3       6.6 

52 

66  Microscopii 

14    24 

—29    11.7 

10 

1884 

1892 

6.6 

6.85 

6.5       6.9 

53 

176  Aquarii 

22  3(1  52 

—19  29.0 

11 

1882 

1M»  2 

1.9 

5.2 

4.8       5.6 

54 

239  Aquarii 

23  23     4 

—  5   12.7 

11 

1884 

1892 

6.2 

6.35 

55 

31   Pisriiini 

23     6 

—  1   43.4 

11 

1882 

1892 

6.5 

6.8 

.   .   . 

56 

243  Aquarii 

25   ."'7 

—  11    J  1.3 

10 

1884 

1892 

6.s 

6.9 

6.7       7.1 

57 

8  CW 

58     6 

—  11    12.2 

8 

1882 

ISO  2 

5 . 1  5 

to  5.35 

4.9  to  5.9 

The  blank  spaces  in  columns  6  and  7  indicate  either  no  ran-.',  or, 
thai  tin-  extent  of  same  is  not  given  in  the  notes  accompanying  the 
t'.A.  Catalogue. 

Colored  stars  :     Nos.  13.  17,  19,  26,  33,  37,  38,  44  and  15. 


Difficult  -tars  to  observe,  owing  to  low  altitude,  brightness  or 
other  cause  :  Nos.  7,  10,  11.  14,  23,  32,  34,  38,  39,  40.  41,  43,  47,  52 
and  53. 

Considered  variable  al  Cordoba:  Nos.  7.  10,  11,  13,  U,  17.  18,  19, 
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20    -l.  25,  26,  27,  28,  31,  32,  33,  35,  38,  K>,  41,  42,  44,  45,  46,  18,  19 
and  57. 
Considered  variable  by  other  authorities:     Nos.  8,9,  12,21,22, 
i  64,  56  and  56. 

BrigJUon,  189S  March  28. 


Stars  needing  further  watching:     Nos.  10,  11,  15,  38,  44,  45,  4G 

and  1'.'. 


FILAR-MICROMETER   OBSERVATIONS   OF   COMET / 1892  (holmes), 

MADE    Willi    THE    154-INCH    EQUATORIAL    OF    THE    WASHBURN    OBSERVATORY,    MADISON,    WIS.. 

By   A.    S.    FLINT,    AS8ISTANT   ASTRONOMER. 

[Communicated  by  George  C.  Comstock,  Director.] 


1893  Madison  M.T. 

* 

No. 

Comp. 

Ja        | 

-* 

jS 

6/ 's  apparent 
a                        8 

log;>  A 
for  a       i     ford 

h         in        s 

Jan.  26     9  54  20 

1 

6  ,  6 

111          6 

—0  23.16 

—0  52.0 

h     111           1                                          O         1              I 

9.691       0.585 

Feb.    3     '.'16     5 

2 

6  ,  6 

+  1   41.06 

+  1   35.8 

.      .      . 

.  .   . 

9.675       0.578 

7     8  37  35 

3 

10  .  7 

+  (i  29.32 

—3  50.5 

.      .      . 

9.618    i  0.493 

1 1     8  39   1 1 

A 

1  .  1 

—0  43.93 

—  1     0.6 

.      .      . 

9.662       0.514 

Id   17   15 

4 

1  .  8 

—0  37.09 

—0  59.2 

.      .      . 

9.716    '  0.687 

16     8  56  20 

5 

7  .  10 

+  0     8.50 

+  7   11.1 

2   7  4S.17        +34   14  32.6 

9.688    1  0.563 

> 

Mean  Places  for  1893.0  of  Comparison- Stars. 

* 

a 

Red.  tii 
app.  place 

8 

Red.  to 

app.  place 

Authority 

h        in         s 

1  1    36     9.4 

2  1    45  46.0 

3  1   53     5.2 

4  2     0  31.3 

5  2     7  41.38 

—0/>l 
—0.96 

—  1.00 
—1.00 

—  1.05 

+  3.".   13.8 
+  ;;;;   19.5 
+  34     2.1 
+  34     4.9 
+  34      7   17.1 

+  8.2          DM.  33°282 
+  8.1           Anonymous 
+  8.0        DM.  33°;;.;2 
+  8.0          DM.  33°363 
+  7.9           '  (  W.B.  II,  110+2  Leiden  V  58.  no.81) 

The  above  observations  were  made  as  opportunity  offered  during 
the  progress  of  meridian-work. 

Jan.  2G.  Bright  moonlight  and  haze.  Comet  has  no  definite  con- 
densation. 

Feb.  3.  Comet  growing  fainter  and  more  undefined  during  ob- 
servations, on  account  of  rising  moon. 

Fel).  7.  Fixed  thread  on  star,  movable  thread  on  comet.  Latter 
loosened  by  hitching  j  visibly  just  after  the  series  of  observations, 
possibly  also  before.  Result  of  observation  involves  last  observed 
coincidence  of  fixed  thread,  Dec.  3.     Injured  thread  removed. 

Feb.  11.     In  the  first  observation  pointings  were  made  on  a  faint 


star  in  the  midst  of  the  comet  which  appeared  as  an  undefined 
cloud.  In  the  second  observation,  and  in  that  of  Feb.  16,  the 
micrometer-thread  was  made  to  approach  the  comet  from  either 
side  alternately  while  pointing  in  declination. 

Feb.  10.  Comet  a  mere  ghost.  Obliged  to  set  fixed  thread  on 
comet. 

Feb.  18.  Comet  too  indefinite  for  observation.  The  advancing 
edge  of  the  mass  of  light  is  pronounced,  and  the  following  liuht 
more  than  fills  the  whole  field,  diameter  11'. (S.  In  the  finder  the 
light  extends  north  and  east  about  6'. 

"Feb.  25.     Comet  invisible.     Bright  moonlight. 


RETURN  OF   PERIODIC   COMET  1886  VII. 

The  periodic  comet  1886  VII,  discovered  by  Fixlay  at  the  Cape  of  Good  Hope,  1886  Sept.  26.  has  been  again  found 


by  liim,  on  May  17,  at  ils  return  ;  and  observed  as  follows  : 

1893  May  18.6262  Greenwich  M.T.         a  =  23"  42'"  1\2,         8  =  —5° 
He  describes  it  as  circular,  1'  in  diameter,  very  diffuse,  without  tail,  and  11"  or  fainter. 


1'  50" 


CORRIGENDUM. 


In  the  title  of  No.  296,    for    Vol.  XIII,  no.  7.    put    Vol.  XIII,  no.  8. 


CON  T  E  N  T  S 

On  the  Constant  of  Aberration,  IV,  by  Dr.  S.  C.  Chandler. 

Observations  of  Some  Suspected  Variable  Stars,  by  Mr.  Edwin  F.  Sawyer. 

Filar  Micrometer  Observations  of  Comet/ 1892  (Holmes),  by  Prof.  A.  S.  Flint. 

Rediscovery  of  Periodic  Comet  188G  VII. 

Corrigendum. 
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CHRONOLOGY   AXD   ECLIPSES, 

l;v  JOHN  X."  STOCKWELL. 


In  various  numbers  of  this  Journal,  commencing  with 
no.  240,  I  have  contributed  several  articles  on  the  subject 
of  chronology,  giving,  as  far  as  possible  the  testimony  bear- 
ing on  the  question,  which  is  afforded  by  ancient  eclipses. 
Tli is  evidence  has  perhaps  not  been  wholly  conclusive, 
because  the  descriptions  of  ancient  eclipses  by  historians 
have  not  been  given  with  sufficient  fullness  to  enable  us  to 
identify,  with  certainty,  more  than  one  ancient  eclipse.  In 
no.  280  of  this  Journal  I  have  given  a  resumi  of  the  evidence 
previously  discovered  ;  from  which  the  conclusion  that  the 
origin  of  the  Olympiads  should  be  placed  one  year  earlier  iu 
chronology  is  rendered  highly  probable.  It  was  then  my 
intention  to  discontinue  the  discussion  of  the  subject,  for  a 
time  at  least ;  but  circumstances  over  which  I  had  no  con- 
trol, disarranged  my  plans,  and  I  have  continued  that  line 
of  investigation,  amidst  numerous  interruptions,  ever  since. 
The  result  of  this  additional  study  has  been  the  discovery 
of  the  records  of  two  ancient  eclipses,  which  can  be  identi- 
fied with  certainty  ;  and  which  are  so  interwoven  with  the 
political  and  general  history  of  those  times,  that  I  think 
there  can  no  longer  be  any  doubt  iu  regard  to  the  correct- 
ness of  my  conclusions. 

The  records  of  these  two  eclipses  are  given  by  Theo- 
PHANES,  who  informs  us  that  in  the  month  of  Daesius,  in 
the  tenth  year  of  Constantids,  within  the  third  hour  of  the 
day.  an  eclipse  of  the  sun  took  place  at  Constantinople,  so 
great  that  stars  appeared.  This  eclipse  is  also  mentioned 
by  Cedrenos,  Eosebius  and  Hieronymus,  who  all  refer  it  to 
the  tenth  year  of  Constantius  ;  and  it  is  the  first  eclipse  of 
antiquity  in  which  the  hour  of  its  occurrence  is  given  with 
any  attempt  at  precision  by  the  general  historian.  It  took 
place  A.D.  346  June  6  ;  and  at  7h  2"'  in  the  morning,  accord- 
ing to  my  computations,  the  apparent  distance  between  the 
centers  of  the  sun  and  moon  was  only  11". 0:  whereas  the 
difference  of  their  semidiameters  was  15". 8.  The  eclipse 
was  therefore  total  at  Constantinople,  the  totality  lasting 
very  nearly  one  minute.  Moreover,  the  sun  rose  at  4h  30"  : 
and  the  eclipse  was  therefore  greatest  at  21'  32"'  after  sun- 
rise,   which    agrees  exactly    with    the    statement    of   Theo- 

1MIANES. 

The  description  of  the  second  eclipse  is  >t  ill  hi.. re  precise  : 
for  Theofhanes  states  that  at  tin  second  hour  of  the  Lord's 


day,  in  the  course  of  the  eleventh  year  of  Constantics,  a 
large  partial  eclipse  of  tiie  sun  took  place.  In  this  eclipse 
we  have,  not  only  the  hour  of  the  day.  but  also  the  day  of 
the  week  given;  and  these  conditions  are  sufficient  to  tix 
with  mathematical  certainty  the  date  of  its  occurrence. 
This  eclipse  is  also  mentioned  by  Cedrehus,  Hieronymus, 
and  by  CaSSIODORUS  ;  who  all  state  that  it  occurred  in  the 
twelfth  year  of  (  onstantius,  instead  of  the  eleventh  year  as 
stated  by  Theofhanes  Now  the  only  eclipse,  visible  at 
Constantinople,  which  took  place  on  a  Sunday  during  the 
reign    Of    CONSTANTIUS,    was    that     of   A.D.  -Is    October    H. 

According  to  my  computations,  the  time  of  greatest  eclipse 

at  Constantinople  was  at  8"  24™  in  the  morning,  at  which 
time  the  apparent  distance  between  the  centers  of  the  sun 
and  moon  was  40.".".  1,  and  the  magnitude  of  the  eclipse  was 
then  equal  to  '.1.7  digits  on  the  sun's  northern  limb.  At 
that  date  the  mean  time  of  sunrise  at  Constantinople  was  al 
61'  1 2'"  :  and  therefore  the  eclipse  took  place  2"  [2m  after 
sunrise,   agreeing   exactly   with    the   description   by   Theo- 

PHANES. 

This  second  eclipse  happened  about  two  years  and  three 
months  after  the  first ;  so  that  if  the  first  happened  in  the 
tenth  year  of  Coxstantius,  the  second  must  have  occurred 
iu  the  twelfth  year,  agreeabh  to  the  statements  of  the  his- 
torians. They  also  show  that  the  chronology  of  the  reigu 
of  Constantids  is  correctly  determined,  since  the  historical 
and  astronomical  records  agree.  But  Hieronymus,  who  is 
better  known  as  "Saint  JEROME,"  after  stating  that  this 
second  eclipse  took  place  iu  the  twelfth  year  of  Consi  inth  -. 
makes  the  additional  interesting  and  important  statement 
that  it  also  occurred  in  the  first  year  of  the  two  hundrec 
eighty-second  Olympiad.  The  year  A.D.  348,  was  tie! 
the  first  of  an  Olympiad:  it  was  also  a  leap-year.  It  thus 
follows  that  the  Olympic  game-  were  celebrated  in  the  \>\>- 
sextile  or  leap-years  of  the  Julian  calendar.  Moreover,  if 
the  year  A.D.  348  was  the  first  year  of  the  two  hundred 
and  eighty-second  Olympiad,  the  first  Olympiad  must 
have  been  celebrated  112  1  year-  before  A.l).:'>bs.  But 
348  — 1124  =  — 776  =  B.C.  777:  and  this  agrees  with  the 
date  of  the  first  Olympiad  as  determined  by  the  eclipse  of 
Phlegon,  which  took  place  319  years  before.  These  two 
eclipses  are  the  only  ones  of  antiquity  which  are  referred  by 
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ill,-  historians  directly  to  the  Olympic  era;  the  date  of 
which  they  serve  to  determine  with  certainty,  and  are  there- 
fore of  priceless  value;  for Hierontmus  was  a  contemporary 
of  Constantius,  and  his  testimony  is  personal  and  explicit. 
But  i he  direct  testimony  of  the  eclipses  of  Phlegon  and 
Theophanes,  is  circumstantially  corroborated  by  the  numer- 
ous other  eclipses  which  have  already  been  discussed  in 
previous  numbers  of  this  Journal ;  and  it  seems  to  me  that 
we  may  now  regard  the  year  B.C.  777  as  the  first  of  the 
Olympic  era,  as  having  been  satisfactorily  established  on  a 
mathematical  and  astronomical  basis. 

But  these  eclipses  of  A. D.  346  and  348  have  other  than 
chronological  importance  ;  for  they  also  serve  as  a  valuable 
test  of  the  correctness   of  the   theory  of  the  moon's   mo- 

Cleveland,  Ohio,  1893  May  10.  


tion  on  which  the  calculation  of  the  moon's  place  in  the 
heavens  is  determined.  It  will  be  remembered  that  I  have 
employed  a  value  of  the  secular  variation  of  the  motion  of 
the  moon's  perigee  which  is  fundamentally  different  from 
that  of  other  astronomers;  and  this  difference  of  secular 
equations  is  sufficient  to  change  the  calculated  time  of  an 
eclipse  by  nearly  three-quarters  of  an  hour,  if  it  occurred 
fifteen  hundred  years  ago.  But  we  have  seen  that  the  cal- 
culated times  and  magnitudes  of  these  eclipses  agree  per- 
fectly with  the  observed  times  as  recorded  by  the  historians  ; 
and  this  agreement  is  very  strong  presumptive  evidence 
that  the  theory  on  which  the  calculations  are  based  must  be 
essentially  correct. 


THE   SUN'S  MOTION  THROUGH   SPACE, 

By  A.  D.  EISTEEN. 


Since  Hersciii.l's  first  determination  of  the  direction  of 
the  sun's  motion,  astronomers  have  given  the  subject  con- 
siderable attention,  and  numerous  other  and  better  determi- 
nations have  been  made.  So  far  as  I  am  aware,  all  of  these 
have  been  based  upon  the  same  general  principle,  and  the 
po-ition  of  the  solar  apex  has  been  deduced  always  by  analyz- 
ing the  proper  motions  of  the  stars.  It  has  seemed  to  me 
thai  it  would  be  interesting  to  examine  the  motions  of  the 
stars  in  the  line  of  sight  also,  and  to  compare  the  results  ob- 
tained in  this  way  with  those  yielded  by  the  older  and  more 
conventional  method.  The  one  method  ought  at  least  to 
furnish  a  valuable  check  upon  the  other. 

The  fundamental  assumptions  upon  which  the  proposed 
method  rests  are,  (1)  that  the  stars  used  in  the  computa- 
tion have  no  tendency  to  drift  in  any  particular  direction  ; 
(2)  that  their  absolute  velocities  do  not  depend  upon  their 
apparent  positions  in  the  heavens  ;  and  (3)  that  these  abso- 
lute velocities  are  uot  functions  of  their  own  directions. 
The  second  and  third  of  these  assumptions  are  almost  axio- 
matic, and  it  is  worthy  of  note  that  the  first  one  underlies 
the  usual  method  of  investigation,  as  well  as  the  one  here 
proposed.  Another  assumption  is  involved  to  a  certain 
extent ;  namely,  that  the  absolute  velocity  of  a  star  is  not  a 
function  of  the  star's  apparent  brightness.  I  have  not  in- 
cluded this  in  the  foregoing  list,  because  it  does  not  appear 
to  affect  the  concluded  direction  of  the  sun's  motion  ;  but 
since  spectroscopic  measures  have  as  yet  been  obtained  only 
from  the  brighter  stars,  it  will  be  apparent  that  if  bright 
stars  move  through  space  faster  than  faint  ones,  the  velocity 
of  the  sun's  motion,  as  deduced  from  measures  now  avail- 
able, will  be  too  great;  and  conversely.  It  is  important  to 
notice  that  all  of  the  assumptions  mentioned  above  are  of 
a  negative  character  ;  and  it  will  be  particularly  observed 
that  we  make  no  assumption  about  possible  relations  be- 
tween the  brightness  and  the  distance  of  stars,  nor  do  we 


assume  anything  about  the  relation  of  distance  to  apparent 
motion.  I  feel  that  these  two  facts  are  powerful  arguments 
in  favor  of  the  spectroscopic  method. 

The  form  of  the  condition  equation  is  easily  deduced. 
Let  v  be  a  star's  observed  velocity  of  recession  (corrected, 
of  course,  for  the  earth's  motion),  V  the  sun's  velocity 
through  space,  and  y  the  arc  of  the  heavens  between  the 
star  and  the  solar  apex.  Then  we  have,  as  the  required 
condition  equation, 

V  cos  <p  +  v  =  0  (1) 

Since  the  position  of  the  apex  is  supposed  to  be  unkuowu, 
we  cannot  compute  <f,  but  must  express  it  in  terms  of  the 
known  right-ascension  and  declination  of  the  star  (a  and  8), 
and  the  unknown  right-ascension  and  declination  of  the  apex 
(«0  and  80).     We  have 

cosy  =  sin  8q •  sin  8  +  cos  8„  cos  a0  •  cos  8  cosi* 
+  cos  80  sin  a0  •  cos  8  sin  a 

and  by  substituting  in  (1  )  we  obtain 

( 2 )   sin  8  •  Kl  +  cos  8  cos  «  •  K2  +  cos  8  sin  a  •  K3  +  v  =  0 

where 

A',  =  7  sin  80 ,  A~2:=7  cos  8„cos  «„ ,  and  A'j  =  7  cos  8„  sin  «„ , 

so  that 

V-  -  K{  +  Ki  +  K£ 


sin  8,i  = 


A', 


and     tan  «„ 


K* 


(3) 


7'     —"~K2 

Dr.  Vogkl's  recently  published  measures*  of  the  velocities 

of  recession  of  the  brighter  stars  visible  at  Potsdam  enable 

us  to  construct  forty-two  equations  of  the  form  (2).     Dr. 

Vogel  gives  results  for  fifty-one  stars,  but  I  have  excluded 

nine  for  various  reasons  ;  thus  a  Canis  majoris  and  a  Cam's 

minoris  are  known  to  be  subject  to  irregularities  of  motion 

that  are  not  yet  perfectly  understood.     The  stars  (3,  y,  8,  e, 

*  Publicationen  <les  astrophysikalischen  Obscrvatoriums  zu  Potsdam. 
VII  Band.     I  Theil :  1892. 
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and  T  Ursae  majoris  are  known  to  be  drifting  together,  so 
only  one  of  them  has  been  included.  The  other  omissions 
will  be  readily  understood  by  refei ring  to  Dr.  Vogel's  me- 
moir. Following  are  the  forty-two  observation-equations 
obtained  as  described  above.  The  numbers  under  7i~  .  A'  . 
and  If- .  are  coefficients  of  those  quantities.  Thus  the  first 
equation,  for  instance,  is 

0.477  A',   +  0.879  ATo   +0.011  A'    +0.C  =  0 
The  sixth  and  seventh  columns  respectively  contain  the 
calculated  velocity  of  the  suu  in  the  direction  of  the  star, 
and  the  residual  motion  that  we  must  suppose  is  proper  to 
the  star  itself. 


Star 

A", 

K, 

K» 

r 

Sim 

Star 

a  Andromedae 

+  0.477 

+  0.879 

+  0.011 

+  0.6 

—0.4 

+  0.2 

•    issiopeae 

.858 

.522 

.008 

+  0.7 

+  0.7 

+  1.4 

S  i  'assiop< 

.829 

.555 

.071 

-2.1 

0.6 

—1.5 

i  assiopeae 

.867 

.486 

.108 

—0.5 

+  0.7 

+  0.2 

dromedae 

0.574 

.788 

.224 

+  1.5 

—0.3 

+  1.2 

a  Ursai  mi,,. 

1.000 

.021 

.007 

—3.5 

+  1.6 

—  1.'.' 

■■  Andromedae 

0.667 

.650 

.364 

1.7 

—0.1 

1.8 

,,  Arietis 

.390 

.797 

.465 

2.0 

0.9 

2.  It 

.  Persei 

.650 

.535 

.540 

0.2 

—0.2 

o.l 

a  Persei 

.760 

.425 

.  I:>1 

—1.4 

+  0.2 

—  1.2 

a  Tauri 

.280 

.369 

.886 

+  6.5 

—0.9 

+  5.6 

a  Aurigae 

+    .718 

.155 

.679 

3.3 

+  0.3 

3.6 

p'  Ononis 

—  .145 

.217 

.965 

2.2 

-1.5 

0.7 

y  Ononis 

+    .109 

.175 

.978 

1.2 

1.1 

0.1 

';   Tauri 

+   .477 

.155 

1.1 

0.3 

+  0.8 

8  Orionis 

—  .007 

.146 

.989 

0.1 

1.2 

—  1.1 

£  Orion  is 

—  .022 

.  1 28 

.992 

3.6 

1.2 

+  2.4 

Z  Oric 

—  .035 

.107 

.993 

2.0 

1.2 

0.8 

a  Orionis 

+    .129 

.nl7 

.991 

+  2.3 

—0.9 

+  1.4 

.  lurigae 

.706 

+   .026 

.707 

—3.8 

+  0.4 

—3.4 

;  '.'■  minorwm 

.284 

—  .131 

.950—2.2 

—0.3 

—2.5 

pGeminorum 

.474 

.367 

.801  +0.2 

+  U.I 

+  0.6 

a  Leon  is 

.216 

.851 

.478 

—  1.2 

1.0 

—0.2 

■  /..  onis 

.349 

.839 

.418 

5.2 

1.3 

3.9 

■  1  rrsae  maj. 

.838 

.524 

.152 

4.0 

1.9 

-2.1 

a  Ursae  maj. 

.886 

.446 

.126 

1.6 

1.9 

+  0.3 

d  Leon  is 

.360 

.910 

.209 

1.9 

1.6 

—0.3 

(3  Li  onis 

+   .262 

.962 

+    .069 

1.6 

1.6 

0.0 

,i  Virginis 

—  .184 

.924 

—  .334 

2.0 

1.2 

0.8 

rt  Ursae  maj. 

+    .764 

.580 

.281 

3.5 

2.3 

—  1.2 

a  Bool  is 

.338 

.792 

.508 

1.0 

2.1 

+  1.1 

Bootis 

.462 

.679 

.571 

—  2.2 

2.3 

0.1 

i '  sae  miii . 

.964 

.195 

.181 

+  1.9 

2.1 

4.0 

a  <  'oronae  Bar. 

.455 

.542 

.707 

+  4.3 

2.2 

+  6.5 

tJ,  Here 

—  .370 

—  .373 

—  .851  —4.8 

+  2.0 

—2.8 

a  Ophiuchi 

.219 

—  .128 

.967  +2.6 

—  1.5 

+  4.1 

a  l.'/rae 

.625 

+   .113 

.772—2.1 

1.7 

—0.4 

a  A' i  a  Hat 

—0.149 

+  0.439 

—0.8861—5.0 

—0.6 

—4.4 

Star 

A~!              K. 

K* 

V 

Sun 

Star 

yCygni 

a  Oygni 

Pi  gasi 

a  Pegasi 

—0.641  +0.436 

.Tor,        .450 

—  .163        .805 

+  0.252  +0.934 

—0.631 
.547 

.570 
—0.254 

—0.9 

—  1.1 
+  1.1 
+  0.2 

—  1.1 
+  1.2 
—0.2 
—0.6 

+  0.2 

0.1 

+  0.9 

—0.4 

In  forming  the  normal  equations  I  have  not  assigned 
weights,  for  although  some  of  the  measures  arc  undoubtedly 
better  than  others,  in  my  opinion  it  would  be  wrong  to 
them  greater  weight.  Such  a  procedure  would  give  to  the 
absolute  motion  of  well-observed  stars  an  undue  influence 
over  the  concluded  motion  of  the  sun.  It  is  probable  that 
the  radial  velocities  which  are  proper  to  the  stars  examined, 
are  distributed  in  accordance  with  tin:  Gaussian  law.  It  i> 
not  probable  that  they  are  mi  distributed,  if  tiny  are  first 
multiplied  by  factors  expressing  the  worth  of  our  meast 

The  normal  equations  are 

12..-.o7v-,  +  1.17/r,  +  1.197i'  —  17.7s  =  0 
1.47  7i",  +  12.71  A'.  -  l.r-IA"  +16.01  =0 
1.197T,   +    1.64A.*,   +  1  i'.T:;  A"    ^  17.42  =  0 

From  these  we  find  that 

JTi  =  +1.67  ,     K.,  =  —1.32  .      A'    =   —1.03 
and  hence,  from  (3),  we  have 

V  =  2.36  .     sine,,  =  0.708  ,     tan  «„  =   +0.780 
S„  =  4.V.0     .     a  =  218 

(The  quadrant  in  which  a  lies  is  determined  by  the  >igns 
of  A',  and  K3.) 

The  substantial  agreement  between  these  results  and  1 
obtained  by  the  conventional  method  is  very  satisfactory  ;  and 
whatever  may  be  thought  of  the  accuracy  of  tin  pi.  sent  re- 
sults, it  cannot  be  denied  that  they  prove  beyond  question 
the  reality  of  the  sun's  motion,  and  that  they  further  indi- 
cate that  our  previous  knowledge  of  the  direction  of  this 
motion  is  approximately  correct.  So  far  as  the  suu"s  actual 
velocity  is  concerned,  I  think  the  spectroscopic  method  of 
finding  it  is  immensely  superior  to  the  proper-motion  method, 
on  account  of  its  freedom  from  questionable  assumptions. 
The  sum  of  the  squares  of  the  observed  velocities  in  the  line 
of  sight  is  290.99,  and  the  sum  of  the  squares  of  the  re- 
siduals in  the  last  column  of  the  table  is  222.37.  This  is  as 
meat  a  difference,  perhaps,  as  could  be  expected.  It  may 
be  well  to  state  that  the  unit  of  length  employed  by  Dr. 
Vogel  in  stating  his  results  is  the  German  geographical 
mile,  which  is  equal  to  11^  of  an  equatorial  degree.  Hence 
tlie  velocity  of  the  miii.  as  found  above,  is  10. 'J  Kin 
statute  miles  per  second. 


Hartford.  Conn. 


XOTP:   UPOX   SAWYER'S   NEW    VARIABLE    IX    AQUILA    ^vaquilae.. 

a  =  18h  5G™  40%         -5  =  —5°  5:t    7  L855.0) 

By  H.  KEEUTZ. 


The  variability  of  the  deep  red  star  DM.  — 5°4858  = 
Weisae  I  18h1442,  which  E.  F.  Sawtek  announces  in  A.J. 
290,  has  been  alreadv  known  for  a  long  time.     The  notices 


concerning  it,  so   far  as  they  occur  in   the  source-  ai 
sible  to  me.   1  permit  myself  to  communicate  herewith  in 
brief. 
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Knott.  Astr. Nachr.  1862,  1871  Sept.  16.  "Its  magni- 
tude is  certainly  slightly  variable." 

Schonfei.d.  Astr.  Nachr.  1905,  l872Sept.l7.  "1  have 
seen  the  star  u  few  times  since  186:5.  :iml  have  compared  it 
with  a  neighboring  star,  but  without  discovering  changes  of 
light." 

Schmidt.  Astr. Nachr.  1912,  |8720ct.ll.  "Theredstar 
Weisse  1  142,  1  have  observed  almost  every  night  since  July 
18.  The  tokens  of  its  variability  I  have  now  recognized.  It 
i*  diminishing  very  slowly,  and  seems  to  have  a  long  period." 

Schonfeld's  second  catalogue  of  Variable  Stats  (  1871) 
mentions  the  star,  on  page  4  of  the  introduction,  as  prob- 
ably variable. 

Ksimn.  Esp.-Birm.  Catalogue  of  Red  Stars,  no.  584.  "The 
star  is  certainly  variable,  and  probably  belongs  to  the  19 
Piscium  type." 

Kiel  Observatory,  1893  April  18. 


Sm-akik.  Astr.  X<i< ■/</•.  2871.  1**8  Nov.  15.  ••  Slow,  but 
decided  change  of  light.  A  maximum  f884  Match,  and  a 
minimum  1885  March,  are  indicated.  Slow,  moderate 
change  of  light,  continued  by  numerous  later  observa- 
tions." 

Fleming.  Astr.  Nachr. SOU,  1800  Nov.  25.  "Several 
photographs  have  been  obtained  with  the  8-inch  Draper 
telescope.  The  following  approximate  magnitudes,  derived 
from  an  examination  of  these  photographs,  are  8.9,  9.0.  9.1, 
8.2",  8.1,  8.2  and  8.1  ;  the  dates  on  which  the  charts  were 
taken  being  June  26,  July  20,  Aug.  20,  Oct.  22.  Oct.  28, 
Nov.  4  and  Nov.  18,  1890.  Although  the  range  of  variability 
is  not  great  ....  the  variation  is  still  undoubted  ;  the 
star  appearing  brighter  than  the  adjacent  stars  on  some  of 
the  charts,  and  fainter  on  others." 


NOTE   ON  6834    V AQUILAE, 

By  EDWIN  F.  SAWYER. 


The  preceding  note  of  Prof.  Kkeutz,  relative  to  this  star. 
makes,  a  few  remarks  desirable,  as  to  eases  of  this  kind 
which  are  continually  arising. 

it  does  not  require  a  very  large  acquaintance  with  the 
periodical  literature  of  astronomy  to  show  that  a  consider- 
able proportion  of  the  brighter  stars  have,  at  one  time  or 
another,  been  suspected  of  variability.  It  is  also  a  fact, 
equally  familiar  to  all  observers  who  have  undertaken  the 
task  of  following  up  these  cases,  that  in  almost  every  in- 
stance they  prove,  on  investigation,  to  be  constant.  This 
lias  been  so  nearly  the  invariable  result  that  experienced  ob- 
servers soon  learn  to  distrust  and  avoid  this  whole  mass  of 
unverified  and  loose  suggestion. 

As  enforcing  this  point,  I  am  permitted  to  mention  the 
fact  that  Dr.  Chandler,  who,  a  few  years  ago.  had  prepared 
at  great  labor  a  complete  collection  of  references  of  this 
sort,  from  all  sources  embracing  astronomical  history  up  to 
the  present  time,  was  led,  from  a  conviction  of  its  utter  use- 
lessness,  to  suppress  its  publication,  as  being  not  worth  the 
paper  and  ink,  and  indeed  a  stumbling  block,  rather  than  a 
means  of  assistance,  to  those  interested  in  the  subject  of 
variable  stars.  One  of  the  lists  which  has  been  quoted  in 
connection  with  the  present  ease  affords  a  good  illustration 
in  point,  containing  a  large  number  of  suggestions  of  the 

Brighton.  Mass.,  1893  May  26. 


sort,  without  apparent  basis,  and  which  careful  examination 
by  direct  observation  has  failed  to  verify.  Since  observers 
who  have  occupied  themselves  with  the  verification  of  varia- 
bility announced  as  discovered  by  photographic  means, 
have  hitherto  met  with  singular  want  of  success  in  confirm- 
ing a  large  proportion  of  them,  it  seems  as  if  we  must  for 
the  present  hesitate  to  accept  evidence  from  photographic 
plates,  at  least  in  regard  to  fluctuations  within  the  range  of 
a  magnitude,  and  probably  even  considerably  more. 

One  other  unfoitunately  selected  reference  may  be  alluded 
to,  where  the  star  is  classed  as  ''certainly  variable  and 
probably  belonging  to  the  19  Piscium  type."  This  last- 
named  star  has  been  proved,  by  the  independent  observa- 
tions of  at  least  two  trustworthy  observers,  to  be  certainly 
constant. 

It  would  seem  desirable  in  the  future  for  discoverers  of 
supposed  variable  stars,  —  especially  in  cases  where  the 
range  of  fluctuation  is  less  than  a  single  unit  of  magnitude, 
and  the  color  intense,  —  to  obtain  the  independent  judge- 
ment of  at  least  one  experienced  observer  before  announc- 
ing such  discovery.  By  so  doing,  proper  attention  wotdd  be 
secured  for  such  cases ;  whereas  at  present,  many  an- 
nouncements of  the  kind  are  passed  by  as  being  either  very 
doubtful  or  worthless. 


ON    THE   CONSTANT   OF   ABERRATION, 

By  S.  C.  CHANDLER. 

V. 

§9.     Polkowa  Vertical-Circle  Observations  of  Ten  Stars,  1863-73. 

Among  the  results  of  the  foregoing  series,  that  of  §4  is      rest.     This  fact  aroused  a  natural  suspicion  that  the  dis- 

especially  remarkable.     Inherently  its  excellence  is  indis-      cussion  itself  might  be  wrong ;  but  a  repetition  by  a  diffei  ent 

putable,  and  would  apparently  give  it  a  high  weight.     Yet      process  led  to  the  same  numerical  result.     It  consequently 

the  result  for  the  aberration  stands  entirely  apart  from  the    !  became  interesting  to  inquire  what  aberration  would  result 
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from  simultaneous  observations  of  other  stars,  by  the  same 
observer  and  instrument.  I  therefore  selected  the  following 
ten  stars  from  vol.  XIV  of  the  Piilkmca  Observations,  which 
appear  to  me  to  embrace  everything  not  heretofore  utilized 
for  the  purpose  in  the  work  with  this  instrument. 

Table  VIII  gives  the  values  of  n  found  from  the  "  Mean 
Declinations  for  1865.0"*  with  the  following  assumed  values 
of  S'o, 


aAndrom.,  +28  20  41.59 

a  Persei,  +49  22  39.76 

rt  Urs.Maj.,  +49  59   16.80 

a  l!ootis,  +19  53   11.60 

,<  Lyrae,  +38  39  35.01 


it  Coronae,  +27  10  15.03 

aGygni,  +44  47  56.92 

:i  Urs.  inh,.,  +74  12   20.D;; 

A  Urs.  miii .,  +  86  36    1 4.95 

@Cephei,  +69  58     6.67 


The  observations  used  are  all  Oyi. hen's,  except  those  of 
A  Ursae  minoris,   marked  with  an    asterisk  in  Table  VIII. 


These  values  of  n   were  then  corrected  by  adding  the  as- 
sumed correction  for  the  latitude-variation  i  A.J.  296,  p.  63), 

U  —  f  =  +  0".204  cos((— 1870  Feb.  23)  X  0°.843 

+  0".131  cos  (0—309°.  8) 

This  equation  represents  all  the  Vertical-Circle  observa- 
tions from  1863-75  practically  as  well  as  (41)  and  (42), 
which  were  derived  from  Gyld£n's  and  NtrAn's  Polaris 
observations  separately.  With  the  values  of  n  thus  cor- 
rected, a  solution  was  made  for  each  polar  star  according 
to  (29),  putting  .'/  and  2  =  0;  and  for  the  other  stars  ac- 
cording to  (4(1).  Instead  of  writing  the  resulting  normal 
equations  in  the  usual  way,  the  coefficients  are  tabulated, 
tor  compactness,  in  a  similar  manner  to  those  in  (-7,  as 
follows  : 


[aa] 

[aft] 

lac] 

[cm] 

[66] 

[6c] 

[&»] 

[cc] 

['■"J 

a  Ainlromedae, 

+  19.00 

—7.00 

—1.60 

+  L09 

+   8.50 

+  1.28 

+  0."l7 

+  10.51 

+0.51 

a  Persei, 

+  16.00 

—  0.10 

+  6.94 

+  3.19 

+    7.n.-, 

—2.03 

+  1.80 

+    8.97 

+  1.33 

tj  Ursae  Mujoris, 

+  16.00 

+  9.28 

—2.66 

—0.38 

+  10.58 

+  2.48 

—0.25 

+   5.42 

+  0.12 

a  Boot  is 

+  19.DII 

+  8.79 

—4.10 

+  1.21 

+  12.86 

+  2.14 

—2.34 

+    6.14 

—2.94 

a  Lyrae, 

+  17.00 

—2.33 

—  4.14 

—0.1  IS 

+  11.11 

—  1.97 

—0.63 

+   5.89 

—  1.06 

a  Coronae, 

+  13.00 

+  1.62 

—  2.95 

—0.08 

+   9.49 

+  2.02 

+  0.68 

+   3.52 

+  0.07 

a  < 'ii'Jiti, 

+  16.00 

—2.15 

—9.05 

—  1.40 

+    5.77 

—  1.21 

+  0.72 

+  10.23 

+  0.72 

■\  Ursae  minoris, 

+  12.15 

+  3.00 

—0.90 

+   7.98 

—2.02 

A  Ursae  minoris, 

+    1.63 

+  0.57 

—0.62 

+   5.34 

—0.68 

p  Ccphei, 

+    4.70 

—0.89 

—0.11 

+    6.9  2 

+  0.97 

The  solution  oives  the  following: 


a.  Androm., 

+  0.0951 

+  0.0905 

5.88 

+  0.0520     10.30 

a  Persei, 

+    .16  13 

+    .2822 

6.89 

+    .0850       5.40 

it  Urs.  Maj., 

+   .0059 

—  .0388 

1.95 

+    .0429       1.87 

aBootis, 

+    .0467 

—  .1480 

5.70 

—  .3961        3.40 

a  Lyrae, 

—  .0920 

—  .1269 

9.47 

—  .2871        4.28 

a  Coronae, 

—  .0299 

+   .0886 

7.29 

—  .0559       2.24 

a  Gygni, 

—  .0497 

+    .1149 

t.33 

+    .0104       4.04 

,-;  Urs.  miii ., 

—  .0127 

1  1.02 

—   .24*4        7.24 

A  UrS.  mill .. 

—  .3509 

1.57 

—  .0902       5.15 

(SOephei, 

+  0.0028 

4.59 

+  0.1404       6.75 

By  (27), 

(37)    and    ( 

38),    we    tl 

ten    have    the    following 

equal  ions  of  condition  for  the  several  stars  : 


«  Androm., 

a  Persei, 
/,  Urs.Maj., 
ir.  Boot  is, 

<'.  Li/ r<li\ 

i'.  <  'oronae, 

a  < 'iiqiii , 
.■;  I  v.*.  rain., 
8  Urs.  min., 
p'  Cepliei, 


+  0A7r,,lr,  +0.347rf;  +  0.346w  =  +0.061 

+   .501  —   .264  +    .321  =+    .119 

—  .691  +    .559  +    .790  =  +    .051 

—  .287  +  .541  +  .375  =—  .172 
+    .088  +    .878  +   .779  =—  .263 

—  .280  +  .685  +  .548  =—  .063 
+   .446  +    .7X3  +0.812  =  +    .083 

—  .708  +  .706  +1.000  =—  .166 
+  .068  +  .937  +0.883  =—  .108 
+  0.737  +0.670  +0.992  =  +0.096 


+  0.670 
whence  result  the  normal  equations, 


20.0 
19.2 
2.1 
9  9 
5.5 
4.5 
5.1 
s.7 
5.s 
5.1 


*Four  observations  rejected:  "  Persei  and  a  Bootis  on  1863  Dec. 
28,    I  Ursae  minoris  s.p.  on  1864  June  4,  J  Cephei  s.p.  on  1867  Apr.  24. 


+  20.038,7,;  —  1.733d£  +  3. 586m  =  +3  637 
—  1.733  +28.755  +27.104  =  —3.455 
+   3.586        +27.104        +33.883      =  —1.833 

the  solution  of  which  gives 

drt  =    +0M523  ,     C  =  — 0".1820  ,     u  =  +0".0753 

The  value  of  u  gives  the  definitive  value  of  the  aberration 
according  to  this  series, 

20\520 

Thus  the  aberration  from  these  ten  stars  contradicts  that 
deduced  from  Gyi.den's  observations  of  Polaris,  but  is  in 
excellent  accord  with  the  other  determinations. 

Putting  the  above  values  of  A//  and  8J  for  rt  and  £  in 
(36),  we  have  the  aberration-constant  as  given  by  the 
several  stars  : 


a  Andromedae, 

20.595 

a  Coronae, 

20.635 

a  Pi  rsei, 

20.428 

«  '  'ygni, 

20.639 

it  1  'rsae  Majoris, 

20.771 

(3  Ursae  minoris. 

20.519 

,'.  /.''  ml  is. 

20.366 

d  1  rrsae  mi  mo-is. 

20.50  1 

a  Lyrae, 

20.295 

§Ct  phei, 

20.551 

The  values  of  the  residuals  (O— C)  given  in  column  v, 
Table  VIII,  are  those  which  come  from  a  substitution,  in 
the  equations  of  condition,  of  values  of  Fand  Z  found  from 
(28)  using  the  above  values  of  di],  d£  and  n,  and  new  values 
of  A'  for  each  Star. 
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Table  VIII.     Vertical-Circle  Observations  of 

Ten  Stars,    1863-73. 

t 

n 

V 

t 

» 

0 

( 

ii 

V 

t 

n 

V 

a  A 

tj  Ursae  Mujoris. — 

Cout. 

a  Goronae.  —  Cout. 

8  Ursae  minoris. 

63  Dec.  14 

—0.19 

—0.08 

64  Oct.      5 

+  0.38 

+  0.16 

64  Oct.  20 

—  0.03 

—0.24 

65  Julv    19 

—0.02 

—0.09 

15 

+    .02 

+ 

.14 

6 

+    .19 

—  .03 

65  May     9 

—  .33 

—   .16 

2  1 

—   .23 

—  .31 

20 

—  .46 

— 

.30 

Nov.    6 

+    .27 

+    .15 

Julv   17 

+   .18 

+    .11 

Sept.  21 

+    .19 

+    .10 

64  Feb.  22 

-    .48 

— 

.10 

65  Apr.  22 

—0.19 

+  0.11 

20 

+    .24 

+    .17 

22 

—  .13 

.22 

24 

•2  7 

—  .30 

—  .05 

+ 

.08 
.09 

a  _ 

Bootis. 

>' 

24 
Nov.  27 

—  .07 
+   .32 

—   .15 
+   .36 

66  Sept.  24 
25 

+   .11 

—  .17 

+    .17 

—  .11 

.Mar.     2 

+   .01 

+ 

.38 

63  Nov.  18 

+  0.72 

+0.69 

28 

—   .43 

—  .39 

(17  (let.    14 

+   .64 

+    .82 

5 

+    .17 

+ 

.54 

28 

+    .31 

+    .36 

66  June    2 

+  0.25 

+  0.21 

69  Sept.  12 

+   .07 

—  .26 

May    13 

—  .01 

.00 

64  May  31 

—  .06 

—  .01 

71  Julv     5* 

—  .02 

—  .07 

June  16 

+  .18 

— 

.05 

June     1 

+    .ill 

+    .06 

a 

Gygni. 

13* 

—  .62 

—   .71 

Oct.      5 

+   .37 

— 

.04 

15 

+    .24 

+    .20 

63  Dec  31 

— o".33 

+  0.10 

20* 

—  .25 

—   .36 

7 

+    .15 

— 

.25 

21 

—  .13 

—  .21 

64  Feb.     9 

—   .15 

+    .41 

27* 

—  .42 

—  .56 

Nov.    6 

+    .18 

— 

.08 

23 

—  .19 

—  .29 

Aug.    2 

+   .11 

—  .10 

Aug.    4* 

—  .30 

—  .46 

Dec.      7 

+    .44 

+ 

.38 

29 

—  .53 

—  .66 

5 

+   .OS 

—  .14 

72  Julv  29* 

+    .27 

+    .27 

65  Sept.    7 

—  .14 

— 

.45 

Julv     5 

—  .09 

—  .26 

13 

+   .06 

—   .17 

73  July     :;* 

—0.16 

—0.18 

23 

+   .23 

— 

.05 

Oct.     5 

+    .70 

+    .41 

Sept.    7 

—   .27 

—  .50 

1. 1 
64  Mar.     6 

—0.85 

—0.39 

Dec.     6 

+    .21 

+ 

.18 

6 

-1-    .24 

—  .05 

23 

+    .26 

+    .06 

66  Mar.  10 

+   .18 

+   .33 

67  Oct.   25 
29 

—  .45 

+  0.08 

+  C 

.38 

.18 

65  Apr.  22 
May  19 

—  .60 

—  .83 

—  .39 

—  .71 

Oct.     5 
13 

+    .18 
—   .14 

+    .02 

—  .27 

16 

Sept.  23 
25 
72  Mar.     5* 

—   .12 
+   .06 

+    .01 
.00 

a 

v 

i 

22 

Julv   17 

—  .39 

+    .11 

—  .28 

+    .02 

Nov.    3 
24 

—  .Ill 

—  .49 

—  .13 

—  .40 

—  .18 

—  .40 

—  .12 

-  .02 

63  Dec.  16 

—0.10 

— u 

.17 

18 

.00 

—  .05 

65  Aug.     1 

—   .05 

—  .08 

6* 

—  .19 

+   .18 

64  Jan.  81 

-    .32 

— 

.12 

24 

+    .38 

+   .28 

Sept.  18 

+    .32 

+    .28 

22* 

—  .07 

+   .28 

Feb.  19 

+    .52 

+ 

.75 

Oct.    12 

+   .91 

+    .79 

Oct.    12 

+  .08 

+    .10 

73  Feb.  23* 

+    .61 

+    .85 

■23 

—  .02 

+ 

.20 

19 

+  0.30 

+  0.19 

19 

+    .47 

+    .51 

24* 

+    .11 

+-   .34 

•24 

27 

—  .15 

—  .53 

+ 

.07 
.30 

a 

Lyrae. 

f 

66  Feb.     1 

+  0.02 

+  0.30 

Mar.  15* 

—0.08 

+  0.12 

Mar.    2 
3 

—  .02 

—  .19 

+ 
+ 

.20 
.03 

63  Nov.  29 
Dec.     9 

+  0.34 
+    .43 

+  0.42 
+   .57 

,j  Ursae  minoris. 
re.                "               ii 
63  Nov.  18 

B  Gephei. 

re      '             a 

II 

Apr.  16 

+   .36 

+ 

.39 

15 

—  .27 

—  .08 

28 

+   .07 

—  .02 

64  June  16 

0.00 

—0.13 

June    4 
Julv     3 

+    .77 
+    .29 

+ 

.44 
.26 

19 
20 

+    .35 
—  .13 

+    .57 
+   .10 

Dec.  14 
64  Julv     5 

—  .07 
+    .11 

—  .03 

—  .14 

Aug.    2 
13 

—  .06 
+    .52 

—   .45 
+    .17 

6 

Nov.    3 

+-    .26 
+    .15 

— 

.31 

.35 

64  Jan.     4 
Feb.     6 

—  .24 

—  .88 

+    .07 
—  .46 

1  1 
Aug.    8 

+   .08 
+   .37 

—  .20 

—  .01 

27 

Sept.    7 

+   .53 

+    .02 

+    .17 
-    .33 

65  Mar.     3 

—  .43 

— 

.37 

8 

—  .34 

+   .08 

Oct.    14 

+    .50 

+    .13 

23 

+    .41 

+  -,1! 

May     9 

+   .23 

+ 

.06 

June    6 

—  .10 

—  .14 

28 

+    .66 

+    .33 

Oct.     3 

+    .20 

—  .i>i 

Aug.    9 

+  0.26 

—0.28 

July     5 

+    .23 

+    .02 

65  Mav   10 

—  .35 

—  .29 

13 

— -  .13 

—  .36 

tj  Ursae  Majoris. 

If 

14 
Sept.    4 

—  .06 
+    .29 

—  .30 

—  .06 

18 
22 

—  .08 
,27 

—  .04 
,25 

Nov.    3 
66  Jan.  31 

—  .10 
+    .33 

—   .22 
+    .53 

64Juue  2 

—0.47 

—0.34 

15 

+    .25 

—  .08 

Oct.   12 

+    .  1 9 

+    .26 

Feb.      1 

+   .23 

+    .43 

3 

—  .14 

— 

.01 

19 

+    .46 

+    .14 

Nov.  27 

+  0.33 

+  0.21 

67  Nov.  15 

+  0.06 

+  0.40 

5 

—  .17 

— 

.05 

Oct.      5 

+    .37 

+    .09 

L.C 

L.C. 

6 

—  .11 

.00 

65  Julv  17 

—   .27 

—   .39 

64  Feb.  27 

—  0.71 

—0.37 

65  May     4 

—0.26 

—0.14 

10 

+   .63 

+ 

.71 

18 

—0.44 

—0.56 

Mar.    2 

—   .27 

+    .06 

9 

—  .46 

—  .37 

14 

—  .42 



.36 

3 

—   .21 

+    .12 

Sept.    6 

—  .19 

—  .37 

15 

—   .14 

— . 

.08 

aOoronae. 

it 

1! 

Apr.  16 

+    .23 

—  .01 

66  Apr.  11 

+    .41 

+    .44 

20 

—   .04 



.01 

6,3  Nov.  28 

0.00 

+  0.07 

July     3 

+    .05 

—  .18 

14 

+    .28 

+    .30 

21 

+    .24 

+ 

.26 

Dec.  14 

+    .15 

+    .35 

6 

+  0.13 

—  .12 

67  Apr.  26 

+  0.16 

0.00 

30 

—  .04 

— 

.07 

64  May  31 

-    .21 

—  .14 

Nov.     1 

+  1.07 

+    .76 

Sept.  19 

—  .11 

— 

.36 

June    1 

—   .15 

—  .08 

3 

—0.09 

—  .39 

20 

+  0.09 

— ( 

).16 

Oct.    14 

+  0.09 

—0.14 

65  Mav     9 

0.00 

+  0.07 

§10.     General  Result  for  Aberration  from  Foregoing  Sections. 

the  general  result  for  the  aberration-constant  are  appro- 
priate. Summarizing  the  values  deduced  in  the  various 
sections,  we  have  : 


In  finishing  the  examination  of  the  magnificent  storehouse 
of  material  furnished  by  the  Pulkowa  vertical-circle  and 
prime-vertical  observations,  and  before  going  on  to  the 
work  of  other  Observatories,  a  few  remarks  with  regard' to 
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Vertical  Circle. 


§2 

Pkters, 

Polaris 

1 8 1 2-4 4 

•.'0. .3 10 

4 

Gvlden, 

1863-69 

20.411 

5 

Nyren, 

a 

1871-73.4 

20.515 

5 

Nyren, 

c< 

1873.5-7"...". 

20.508 

3 

Peters, 

7  stars 

1842-43 

20.467 

9 

Gylden  (most 

ly)   10    •• 

1863-73 

20.520 

Prime-Vertical. 

§6 

Si  I.TVE, 

7  st:irs 

1840-42 

(  20.514) 
1  20.474  I 

8 

Nyren, 

4    •• 

1875-79 

20.534 

9 

Nyren, 

24    •• 

1879-82 

20.516 

The  proper  combination  of  these  values  is  a  delicate 
matter,  the  question  of  relative  weights  being  one  in  which 
computed  probable  errors  are  subordinate  to  probable  free- 
dom from  constant  errors;  thus  a  matter  of  instinct  rather 
than  calculation.  While  opinions  may  differ  on  some  of  the 
points  involved.  I  think  it  will  be  agreed,  after  a  thoughtful 
consideration  of  the  sources  of  error  of  a  possible  periodical 
kind,  most  to  be  feared,  that  these  are  likely  to  have  been  best 
eliminated  in  Nyren's  Prime- Vertical  series,  which  therefore 
should  be  assigned  a  very  high  relative  weight.  A  general 
inspection  indicates  without  much  doubt  that  a  value  close 
to  20'. 51  would  be  arrived  at.  if  it  were  not  for  the  singular 
discordance  of  §4. 

It  is  difficult  to  say  whether  we  are  authorized,  merely  on 
the  ground  of  discordance,  to  suspect  that  this  series  may 
be  affected  by  some  peculiar  error.  I  can  imagine  no  other 
reason,  either  inherent  in  the  observations  or  the  computa- 
tions ;  yet  the  matter  is  so  important,  and  the  value  20". 411 
is  so  much  below  that  reached  by  Nyren.  20". 469,  that  I 
should  lie  glad  to  see  an  independent  discussion  of  this 
-.lie-  made. 

If  we  collect  the  results  for  the  individual  stars  from 
the  various  sections,  the  general  mean,  without  regard  to 


weight,  of  the  21  vertical-circle  values  is  20". 51 1.  and  of  the 
35  prime- vertical  values.  20". 515.  If  we  assume  that  all 
are  equally  well  freed  from  the  effects  of  the  latitude- 
variation,  and  employ  the  relative  weights  w  =  w0(ps — q-)-, 
we  find  the  following  mean  values  from  various  combina- 
tions of  the  data  : 


Vertical  Circle, 


Prime-Vertical, 


Polaris, 

Polaris,  (rej.  S 1 ) 

Other  than  Polaris, 

All. 

All  except  §4, 

Nyren, 
All, 


§§2,  4,5,  20.463 

2.  5.  20.512 

3,  9,  20.493 
2,  3,4,5,9,  20.479 
2,  3,  5,  9,  20.499 

7,  8,  20.525 

6,  7.  8,  20.507 


The  combined  weights  for  all  the  vertical-circle  and 
prime-vertical  observations  are  225  and  309,  respectively, 
on  the  same  unit  of  accidental  error  of  a  single  observation. 
Taking  into  account,  however,  the  superior  intrinsic  ac- 
curacy of  the  latter  as  regards  accidental  error,  and  their 
greater  probable  freedom  from  systematic  error,  and  com- 
bine the  results, 

All  vertical-circle  observations,  20.479         wt.  1 

All  prime-vertical  observation-,  20.507  3 

we  have  the  definitive  aberration, 
20  .500 

I  am  not  sure  however,  that  a  somewhat  larger  value 
illicit  not  be  chosen  with  advantage,  say  20". 505.  But  the 
rounded  tenth  will  probably  satisfy  the  most  exacting  re- 
quirements of  practical  accuracy  in  the  reduction  of  the 
most  refined  astronomical  observations.  Combined  with 
Michelson's  measurement  of  the  velocity  of  light  it  gives 
the  solar  parallax, 

8  .794 
and  the  corresponding  light-equation, 
498  .912 


NEW   VAK TABLE  STAB  m    CARINA, 


At  the  request  of  Mr.  Alex.  \V.  Roberts  of  Lovedale, 
South  Africa,  I  beg  to  announce  the  variability  of  the  star. 
Cordoba  Z.C.VIII,  2388,  magnitude  9,  whose  position  for 
1875  is  in     R.A.  8h  28m  34',     Decl.  — 58°  48' 10". 

Mr.  Roberts  finds  this  star  at  minimum  equal  to  a  star 
following  it  14s.  north  1'.  and  at  maximum  equal  to  A.G.C. 
11612,  magnitude  74'.  He  gives  the  period  6.3  days,  the 
light  increasing  during  2.0  days,  and  diminishing  during  1.3 
days.  An  examination  of  the  photographs  of  this  Observa- 
tory taken  in  Peru  has  Keen   made  by  Mrs.  Fleming,  which 


By  EDWARD  C.  PICKERING. 

confirms  the  variability  of  this  star.  The  results  are  given 
in  the  annexed  table.  The  date  is  followed  by  the  Green- 
wich mean  time  and  the  photographic  magnitude. 


Date 

G.M.T. 

Mag. 

Date 

G.M.T. 

Mag. 

889  Dec. 

9 

11>. 7 

7.6 

1S90  Mnv 

7 

12.1 

8.0 

10 

19.5 

7.6 

1891  May 

16 

13.3 

8.3 

890  May 

1 

15.3 

8.2 

1892  Mai'. 

17 

15.2 

7.5 

2 

12.4 

8.0 

Apr. 

24 

12.8 

7.6 

2 

13.3 

8.0 

May 

19 

12.0 

7.6 

■_> 

14.1 

8.2 

Harvard  College  Observatory,  1893  May  9. 
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PERIODIC 

COMET    L886  VII 

=  18!):;  tf. 





Mr.  SCHDLHOF    of    Par 

s    has    sent   to    the    Astr 

momische 

L893 

ll 

,j 

NachrichU 
tion  at  tlu 

a  an  ephemeris  of  tins  comet,  which  tin 
Cape  of  Good  Hope,  made  May  18  by 

observa- 
Mr.  Fin- 

June    25.5 
26.5 

ll            Ml             8 

2  33   19 

38     4 

+  12°  31.6 
12  56.5 

lo5i  A 
n.0733 

1  !  '  A'' 

0.685 

lay,  the  original  discos  e 

rev,  shows  to  have  been  extremelv 

27.5 

4-2  50 

13  21.0 

correct. 

I'he  observed   right-ascension    gives   tin 

tilnc    Of 

28.5 

4  7  :;;, 

13  45.1 

0.0758 

0.690 

perihelion 

as  0d.594  later 

than   that  of  Mr.  Scm  lhof's  ele- 

29.5 

30.5 

July      1.5 

2.:, 

5  2   20 

14     8.7 

ments,  while  the  declination  gives  it  as  0d.600  later. 

In  no. 3164  of  the  Nachrichten  is  a  continuation  of  the 

2  57     5 

3  1    49 

6  33 

14   31.9 

14  54.6 

15  16.9 

0.0790 

0.691 

ephemeris, 

winch  ii   seems  desirable   to  reprint. 

Its   eor- 

3.5 

11    16 

15  38.6 

rection,  corresponding  to 

a  delay  of  0d.6  in  the  perihelion- 

4.5 

16     0 

15  5:i.:' 

0.0828 

0.688 

passage,  will  be 

5.5 

20  4  2 

16  20.6 

6.5 

25  24 

16  -1".:) 

Ju                                   J,\ 

111                8                                                   1 

7.5 

30     5 

17     0.6 

0.0870 

0.681 

1893  June    4 

+  1   48.3         +13.0 

8.5 

54  46 

17  19.8 

13 

1    47.4               12.3 

9.5 

89  25 

17  38.5 

22 

1    43.5             10.9 

10.5 

44      4 

17  56.7 

0.0917 

0.669 

July     1 

+  1   38.4          -f-   9.1 

1 1.5 
12.:, 

48  4  2 
53   19 

18   11.3 
18  31.4 

E 

1893 

PHEMERIS    FOB 

Paris  Mean  Mipmght. 

14.5 

3  57  55 

4  2   29 

18  48.0 

19  4.0 

0.0968 

0.654 

a 

<!                     log  _^ 

1  :  r*Aa 

15.5 

7     3 

19   19.4 

June      7.5 
8.5 

l"    8  1 8 
12  56 

+    4°  ll'.3          0.0716 
4    40.6 

0.573 

16.5 

17.5 

11   35 
16     5 

19  34.3 
19  48.7 

0.1  H21 

0.636 

9.5 

17  35 

5     9.9 

18.5 

20  35 

20     2.6 

10.5 
11.5 

22   15 

26  56 

5  39.1          0.0722 

6  8.2 

0.600 

19.5 

20.5 

25     3 
29  30 

20   15.9 
20  28.6 

0.1076 

0.616 

12.5 

31  38 

6  37.1 

21.5 

33  55 

20  40.9 

13.5 
14.5 

36  20 
41     3 

7     5.9         0.0707 
7  34.5 

0.624 

22.5 
23.5 

38  19 
42  41 

20  52.6 

21  8.9 

0.1133 

0.594 

15.5 

45  47 

8     2.9 

24.5 

47     2 

21    14.6 

16.5 
17.5 

50  31 
1  55   15 

8  31.2         00701 
8  59.1 

0.644 

25.5 
26.5 

51    21 
55  38 

21    24.8 
21   34.5 

0.1190 

0.570 

18.5 

2     0     0 

9  26.8 

27.5 

4  59  54 

21  43.8 

19.5 

20.5 

4  45 
9  30 

9  54.2         0.0703 
10  21.3 

0.662 

28.5 
29.5 

5     4     9 
8  21 

21  52.5 

22  0.8 

0.1 24S 

0.545 

21.5 

14    16 

10  48.1 

30.5 

12  32 

22     8.6 

,22.5 

23.5 

19      1 
23  4  7 

11    14.5         0.0714 
11   40.6 

0.676 

31.5 
Aug.     1.5 

16  42 
20  49 

22   16.0 
22  22.8 

0.1307 

0.520 

24.5 

2  28  33 

+  12     6.3 

2.5 

24  54 

22  29.3 

3.5 

5  28  58 

+  22  35.2 

0.1365 

0.494 

v    f  v  NEW  ASTEKOIDS. 

VoJ^;::nKR  Las  sent  notice  °f  ^  —  *-» «*»•*.  ^  v^^>  „y  M,  CIIARL0IS.  Tueir 


1  393  Z 
AA 
AB 


12"     May  19     9   18.0  Nice  M  4' 
11  20   lo  38.4     " 

13  20   10  42.9     " 


h     m     s  o   rf  ,  Daily  Motion 

\tS-l  tall  ~17     3 '-"'         -446  in  a,  and  13' northward, 

lo  06  39.20  —18  20  48  —68  ••         2' 

16     1    10.47  —18   10  45  —4r         "         5'         11 


C  O  N  T  1£  N  T  S 

UN  THE  Constant  ok  ABERRATION,   V,   BY  ]>r.  S.   c'  Chandi  i-e 
New  Variable  Star  ,n  Carina,  by  Prof.  EdwardC   PreSr 
Periodic  Comet  1886  Vtl  =  1893a.  "chering. 

New  Asteroids. 


H.  Kreutz. 
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M  WIMA 

w 

Minima 

«- 

Aug.  24.76 

■> 

Sept.  6.20 

4 

Si  lit.   2.79 

2 

16.00 

3 

11.40 

0 

20.20 

4 

27.10 

4 

Oct.      6.17 

1 

13.02 

4 

25.63 

3 

Nov.    11.36 

1 

17.30 

1 

Dec.    11.41 

1 

MAXIMA  AND  MINIMA   OF   VARIABLE   STARS,  OBSERVED    IN   1892-93, 

By  PAUL  S.  YENDELL. 
112.  R Andromedai . 
Nineteen  observations  of  this  star,  from  1892  Nov.  13  to 
1893  Mar.  13.  show  a  maximum  of  6".4  on  1893  Jan.  14. 
The  increase  was  rapid  and  regular  from  the  first  observa- 
tion until  Dec.  9,  when  it  had  arrived  at  nearly  its  maximum 
light  :  from  this  time  until  observations  were  discontinued, 
the  curve  was  Sat,  and  the  rise  and  decrease  very  slow.  Its 
magnitude  when  last  observed  was  7U.3. 

6404.      TOphiuchi. 
I   have   twenty-one  observations  of  this  star,  from    1892 
May  28  to  Aug.  15;   they  are  considerably  interrupted  by  74:17.      X Cygni. 

weather  and  mooulight.  and  yield  only  three  maxima  and  My  observations  of  X Cygni  for  this  season  extend  from 

two  minima,  as  follows:  ,  v,._,  aj.1v  ]  g  to   1S93  Jan.  13,  and  number  in  all  one  hun- 

Maxima  w  Minima  w  died  and  twenty.     From  these  are  deduced  fifteen  maxima 

and  twelve  minima,  whose  dates  and  observed  lights  are 
given  below,  the  light-scale  being  the  same  as  for  those  pub- 
lished last  year. 

6733.     BScuti. 

From  1892  July  11  to  Nov.  20,  I  observed  /.'  Scuti  fifty- 
four  times.  My  observations  show  maxima  and  minima  as 
follows:  Maxima,  July  18.  4*. 2,  and  Sept.  6,  5M.3  ;  mini- 
ma, Aug.  17.  6\2.  and  Oct.  23,  6*.4.  When  last  observed, 
On  Nov.  20,  it  had  risen  to  4M.2. 

7149.     S  Sagitlae. 
This  star  has  been  watched  during  nearly  the  whole  season, 
the  observations   from   1892   May  1G  to   Dee.  11.  numbering 
eighty,  which  yield   niueteen    maxima  anil   ten   minima,   as 
follows  : 


892  June    6.6 

3 

1892  June  16.0 

3 

22.0 

3 

July  21.4 

4 

Aug.  13.6 

1 

Maxima 

w 

Minima 

w 

1892  May  17.42 

1 

1892  May  28.80 

4 

June    2.89 

3 

June    9.60 

3 

14.10 

2 

July  11.20 

4 

July     7.40 

4 

19.20 

4 

15.50 

4 

27.30 

4 

21.21 

2 

Aug.  3.70 

4 

31.10 

3 

20. 

4 

Aug.  18.00 

4 

28.30 

4 

Maxima 

w 

Lt. 

Minim  \ 

w 

Lt. 

1892  May  21.3 

3 

12.4 

1892  May  26.7 

•"> 

(!.l 

June    7.1 

4 

13.4 

June  15.0 

4 

•1.9 

22.8 

4 

13.4 

Julv    4.3 

3 

7.2 

July    8.1 

4 

12.4 

IS.  3 

4 

.-..1 

23.9 

5 

1.1.1 

Aug.   6.6 

1 

6.2 

Ana.  11.9 

1 

17.2 

1 

7.-.' 

2  7.2 

1 

Sept  22.4 

4 

5.0 

Sept.  11.3 

5 

13.4 

Oct.  10.6 

4 

5.1 

27.7 

4 

12.4 

23.8 

4 

3.0 

Oct.  14.3 

4 

11.4 

Nov  11.5 

4 

5.1 

29.6 

4 

KM 

Dec.  11.4 

4 

2  ii 

Nov.  17.0 

4 

9.4 

2."'.."' 

4 

5.1 

Dec.    3.2 

3 

12.2 

19.:: 

4 

10.4 

1  -  13  Jan.     1.5 

•"> 

12.2 

The  existence  of  the  long-period  fluctuations  in  the  light- 
range  of  the  star  seems  to  be  still  further  confirmed  by  the 
progression  shown  in  the  observed  degrees  of  lighi  given 
above:  a  maximum  occurring  in  both  maximum  and  mini- 
mum light  at  E  129.  and  a  minimum  iu  the  maximum  light 
at  E  136,  and  in  the  minimum  at  E  138. 

(81) 
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7483.     T  Vulpeculae. 

This  star  was  observed  seventy-eight  times  during  the 
season,  from  1892  May  27  to  Dec.  11.  From  these  obser- 
vatious  arc  deduced  twenty-six  maxima,  and  twenty-three 
minima,  as  follows : 


Maxima 

\v 

Minima                   w 

1892  June 

7.74 

9 

1892  May 

29.11          1 

12.    1."! 

2 

June 

7.50          1 

21.21 

2 

15.38         1 

July 

S.72 

1 

July 

7.:;:'         1 

17.Hi 

2 

16.37         1 

22.10 

2 

20  38         1 

26.4  4 

3 

Aug. 

7.35         1 

30.36 

1 

16.36         1 

Aug. 

3.80 

1 

19.35         1 

13.84 

1 

24.41          1 

17.49 

2 

Sept 

1.87         2 

21.34 

1 

10.31          1 

Scot 

8.64 

2 

17.43         2 

12.19 

2 

21.73         2 

17.17 

1 

24.96         1 

26.90 

3 

Oct. 

2.50         1 

30.64 

2 

7.85          1 

Oct. 

10.68 

2 

12.64         2 

14.60 

1 

21.30         1 

18.25 

1 

30.79          1 

23.35 

3 

Nov. 

8.32         1 

Nov. 

5.81 

1 

18.41          1 

10.11 

2 

21.36         1 

18.78 

1 

23.14 

2 

Dec. 

11.73 

1 

6368.     XSagittarii. 

This  star  was  under  observation  in  1892  from  June  12  to 
Oct.  1 ,  the  observations  numbering  forty-five;  these  yield 
ten  maxima  and  four  minima,  as  follows: 


Maxima 

w 

Minima 

w 

1892  June  13.7 

2 

189 

2  July    23.4 

4 

21.3 

2 

Aug.  20.4 

4 

July  12.11 

1 

Sept.  10.9 

4 

is. 8 

4 

19.3 

4 

26.2 

4 

Aug;    1.2 

2 

8.5 

1 

16.4 

4 

Sept.   7.2 

4 

26.6 

2 

6472.     WSagittani. 

Forty-five  observations  of  WSagittarii,  from  1892  June 
15  to  Oct.  2,  indicate  seven  maxima  and  six  minima,  as 
follows  : 


Maxima 

w 

Minim  \ 

w 

1892  July    16.5 

4 

189 

2  June   20.3 

1 

25.1 

4 

Julv    21.4 

4 

Aug.   15.5 

1 

Aug.     1.6 

2 

23.5 

3 

21.2 

4 

31.4 

2 

S.pt.     6.4 

1 

Sept.  16.8 

2 

12.3 

3 

30.4 

4 

6573.     YSagittarii, 
Y&agittarii  was  observed    forty-three  times,  from   1892 
June  15  to  Oct.  14.     The  observations  indicate  eleven  max- 
ima and  six  minima,  as  follows: 


Maxima 

w 

Minima 

w 

892  June   15.4 

1 

189 

2  Julv    22.8 

4 

July    19.5 

4 

29.0 

3 

25.5 

4 

Aug.  15.1 

4 

Aug.   17.5 

4 

21.1 

4 

23.3 

3 

Sept.  25.3 

2 

28.4 

1 

29.9 

4 

Sept.     9.1 

3 

21.9 

2 

27.0 

3 

Oct.      2.29 

1 

13.8 

2 

6636.     USagittarii. 

This  star  has  been  observed  forty  times  during  the  season, 
from  1892  June  15  to  Oct.  2;  from  the  observations  are 
deduced  ten  maxima  and  seven  minima,  as  follows  : 


Maxima 

w 

Minima 

w 

1892  June   14.3 

1 

189 

2  Julv    21.1 

4 

21.3 

1 

28.4 

4 

Julv    17.4 

4 

Aug.   17.4 

4 

21 . 1 

4 

23.8 

3 

31.2 

1 

Sept.   11.5 

4 

Aug.     7.5 

1 

20.6 

3 

13.4 

1 

27.3 

3 

Sept.    9.5 

2 

16.8 

2 

30.5 

2 

Dorchester,  Mass.,  1893  May  28. 


THE   COMET  OF   HOLMES,  1892  III, 

By  LEWIS   BOSS. 


The  recorded  fluctuations  in  the  brightness  of  Cometl892 
III,  appear  to  warrant  an  attempt  to  observe  it  during  the 
coming  opposition.  On  the  one  hand,  the  chance  of  seeing 
it  may  be  considered  to  lie  small,  since  according  to  the 
usual  formula  its  theoretical  brightness  at  no  time  this  year 
should  quite  attain  three-fourths  of  that  which  it  had  in 
March  last.     On  the  other  hand,  unusual  interest  attaches 


to  the  question  whether  remarkable  alterations  in  the  bril- 
liancy of  this  comet  are  still  to  recur.  Furthermore,  it 
might  be  of  interest  to  find  out  what  is  probably  the  normal 
physical  appearance  of  this  comet.  At  present  it  would 
not  be  entirely  safe  to  say  that  this  appearance  may  not  be 
that  of  a  minute  star-like  mass,  though  the  probabilities 
might  be  considered  to  favor  the  hypothesis  that  this  comet 
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is  normally  a  diffused  nebulosity  of  great  extent,  as  it  ap- 
peared to  be  in  December  last. 

The  elements  published  in  Journal,  No.  292,  represent 
the  places  of  the  comet  on  March  9  and  10  with  the  follow- 
ing discrepancies  (observed  —  computed)  from  determina- 
tions made  on  those  dates  at  Strassburg. 

Greenw.  Corrected  Time.  Ja  J<< 

d        h  in  s 

March    9     7     50         +0.1 2         —14.9 
10     8       5  +0.49         —  1.1 

Therefore,  the  comet  if  it  can  be  found  at  all,  should  be 
seen  very  near  the  predicted  position.  The  following 
ephemeris  begins  at  a  date  nearly  two  months  in  advance 
of  that  for  which  the  conditions  for  seeing  the  comet  can 
be  regarded  as  favorable.     Opposition  will  be  in  December. 

Ephemeris  of  Comet  1892  III    (Holmes), 
Comiiuted  by  C.  S.  Benton. 


Greenw.  M.T. 

1893 

July      17.5 

App. 

h           in 

6     38 

a 

9 

49 

App.   & 

+  37°     17.6 

log  A 
0.6! 

21.5 

6     45 

17 

37     111 

0.63218 

25.5 

G     51 

40 

37       4.2 

0.63172 

29.5 

6     57 

55 

36     57.0 

0.63101 

Aug.       2.5 

7       4 

4 

+  36     49.5 

0.63007 

Greenw.  M.T. 

App. 

a 

App.  <i 

log  A 

Aug.        6.5 

7 

10 

5 

+  36 

41.7 

0.62  88  7 

10.5 

7 

15 

59 

36 

33.8 

0.62713 

12.5 

7 

18 

53 

36 

29.8 

0.62662 

14.5 

7 

21 

45 

36 

25.8 

0.62574 

16.5 

7 

24 

35 

36 

21.7 

0.62480 

18.5 

7 

2  7 

23 

36 

17.6 

0.62380 

20.5 

7 

30 

8 

36 

13.6 

0.62274 

22.5 

7 

32 

52 

36 

9.6 

0  62162 

24.5 

7 

35 

32 

36 

5.6 

0.62044 

26.5 

7 

38 

11 

36 

1.6 

0.61919 

28.5 

7 

40 

48 

35 

57.6 

0.61789 

30.5 

7 

43 

22 

35 

53.7 

0.61653 

Sept.       1.5 

7 

45 

53 

35 

49.9 

0.6151J 

3.5 

7 

48 

22 

35 

40. 1 

0.61362 

5.5 

7 

50 

49 

35 

4  2.3 

0.61208 

7.5 

7 

53 

13 

35 

38.7 

0.61048 

9  5 

7 

55 

34 

35 

35.1 

0.60882 

11.5 

7 

57 

53 

35 

31.7 

0.60710 

13.5 

8 

0 

9 

35 

28.4 

0.60533 

15.5 

8 

2 

22 

35 

25.2 

0.60349 

17.5 

8 

4 

82 

35 

22.1 

0.60161 

19.5 

8 

6 

39 

35 

19.1 

0.59966 

21.5 

8 

8 

43 

35 

16.3 

0.59766 

23.5 

8 

10 

43 

35 

13.7 

0..V 

25.5 

8 

12 

41 

35 

11.2 

0.59351 

2  7..". 

8 

14 

35 

+  35 

8.9 

0.59136 

SUNSPOT  OBSERVATIONS, 

MADE   AT    PHILADELPHIA,    PBNN.,    WITH   A   4J-INCH   HEFRACTOR, 

By  A.  W.  QUIMBY. 


1893 

Time 

New 

Total 

Fac 

Def. 

1893 

Time 

New 

Total 

Fac, 

Def. 

1893 

Time 

\      H 

Total 

Fac 

Def. 

Grs 

Grs 

Spots 

Grs 

Grs 

Grs 

Spots 

Grs 

Grs 

Grs 

spots 

Grs 

Jan.    2 

9 

1 

5 

51 

4 

fail- 

Feb.     3 

2 

4 

33 

2 

poor 

Mar.  12 

8 

1 

9 

2 

pooi- 

3 

9 

_ 

5 

41 

2 

poor 

4 

12 

_ 

3 

21 

1 

poor 

13 

8 

_ 

1 

5 

2 

poor 

4 

9 

3 

8 

29 

3 

poor 

5 

10 

2 

6 

29 

4 

poor 

14 

8 

_ 

1 

6 

1 

poor 

5 

11 

_ 

5 

27 

_ 

pooi- 

7 

9 

_ 

3 

9 

_ 

v.poor 

15 

9 

_ 

2 

17 

2 

faii- 

6 

1 

_ 

5 

36 

3 

poor 

8 

10 

2 

6 

73 

3 

faii- 

16 

9 

2 

4 

10 

3 

poor 

7 

10 

1 

6 

49 

3 

fail- 

9 

10 

_ 

6 

86 

3 

fair 

17 

9 

1 

4 

7 

2 

poor 

8 

1 

_ 

5 

26 

3 

poor 

11 

12 

2 

6 

45 

2 

pooi- 

18 

9 

1 

5 

26 

3 

fair 

9 

2 

1 

4 

15 

3 

poor 

12 

9 

_ 

6 

53 

2 

poor 

19 

9 

1 

5 

25 

2 

pooi- 

10 

11 

1 

3 

5 

v. pooi- 

14 

3 

4 

108 

2 

faii- 

20 

10 

_ 

5 

31 

_ 

poor 

11 

1 

_ 

2 

8 

3 

poor 

15 

12 

3 

45 

_ 

poor 

21 

4 

_ 

3 

43 

■> 

1 r 

13 

9 

2 

11 

3 

fail- 

16 

10 

2 

1 

82 

3 

fail- 

25 

9 

1 

4 

77 

8 

fail- 

14 

9 

2 

8 

3 

poor 

18 

10 

2 

7 

43 

2 

poor 

26 

9 

4 

8 

95 

8 

fair 

15 

10 

1 

3 

14 

1 

poor 

19 

10 

_ 

6 

30 

2 

pooi- 

27 

2 

_ 

6 

29 

3 

poor 

16 

10 

1 

4 

26 

3 

poor 

2C 

10 

_ 

5 

33 

3 

poor 

28 

8 

_ 

7 

57 

3 

fail- 

17 

10 

4 

32 

poor 

21 

10 

1 

5 

30 

3 

pooi- 

29 

_ 

_ 

7 

85 

3 

fair 

18 

2 

3 

42 

1 

poor 

22 

10 

_ 

5 

50 

•_> 

poor 

30 

8 

2 

8 

88 

3 

fail- 

19 

9 

_ 

3 

79 

3 

fail- 

23 

12 

_ 

3 

31 

2 

pom- 

31 

8 

1 

8 

63 

4 

fair 

20 

9 

3 

106 

4 

fair 

24 

12 

1 

3 

90 

4 

pom- 

Apr.    1 

9 

_ 

6 

no 

3 

p.",  r 

21 

12 

2 

4 

98 

4 

fail- 

25 

1 

_ 

5 

117 

3 

fail- 

2 

9 

1 

8 

Ml 

4 

faii- 

22 

9 

_ 

5 

111 

4 

fair 

26 

10 

5 

33 

_ 

poor 

3 

8 

2 

9 

17 

3 

poo  r 

23 

10 

_ 

3 

v.poor 

2  7 

8 

1 

5 

41 

3 

pooi- 

4 

9 

_ 

5 

2S 

3 

pooi- 

24 

10 

1 

5 

136 

4 

fa  i  r 

Mar.    1 

10 

1 

7 

70 

8 

poor 

5 

8 

1 

5 

13 

3 

poor 

25 

10 

1 

7 

97 

4 

faii- 

2 

9 

1 

6 

63 

3 

poor 

6 

8 

__ 

1 

30 

3 

26 

9 

2 

9 

138 

3 

faii- 

3 

3 

1 

4 

43 

3 

pooi- 

7 

8 

_ 

3 

9 

1 

v.] r 

27 

10 

_ 

7 

28 

poor 

5 

10 

6 

29 

8 

poor 

8 

10 

_ 

3 

26 

2 

poor 

30 

12 

_ 

6 

38 

2 

poor 

6 

1 

_ 

4 

31 

2 

poor 

:i 

9 

1 

4 

71 

2 

faii- 

31 

12 

1 

8 

68 

3 

fair 

7 

12 

_ 

5 

30 

2 

pooi- 

11 

9 

1 

6 

18 

2 

fair 

Feb.    1 

1 

- 

5 

22 

- 

v.imii  ir 

8 

7 

_ 

5 

20 

2 

poor 

13 

9 

- 

5 

13 

- 

v.poor 
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1893 

New 

Total 

Fac 

Def. 

1893 

Time 

N.-« 

Total 

Fac 

Def. 

1893 

Time 

New 

Total 

Fac 

Def. 

Grs 

Grs 

Spots 

Grs 

Grs 

Grs 

Spots 

Grs 

Grs 

Grs 

spots 

Grs 

Apr.  14 

3 

4 

9 

v.poor 

May  12 

7 

1 

9 

21 

3 

fair 

Jane    7 

7 

6 

79 

2 

poor 

15 

10 

6 

23 

3 

poor 

13 

7 

1 

7 

11 

2 

poor 

8 

i 

_ 

0 

87 

4 

faii- 

10 

11 

1 

7 

27 

4 

fair 

14 

8 

3 

9 

33 

3 

poor 

9 

i 

_ 

6 

79 

4 

faii- 

17 

8 

1 

6 

25 

3 

poor 

15 

8 

_ 

8 

23 

2 

poor 

10 

l 

_ 

4 

52 

3 

fail- 

IS 

8 

6 

27 

3 

I'uii- 

16 

6 

7 

27 

2 

poor 

11 

7 

4 

69 

••; 

fair 

19 

8 

2 

7 

t9 

4 

fair 

17 

8 

__ 

7 

19 

•2 

v.poor 

12 

8 

_ 

4 

57 

4 

fail- 

21 

8 

2 

8 

4  7 

3 

fair 

18 

8 

1 

8 

31 

2 

poor 

13 

8 

_ 

3 

32 

3 

fair 

22 

8 

2 

9 

43 

4 

fair 

19 

i 

_ 

0 

50 

5 

fair 

11 

3 

2 

6 

32 

3 

poor 

23 

8 

9 

98 

4 

fair 

20 

i 

1 

0 

37 

5 

good 

15 

7 

_ 

6 

72 

4 

faii- 

2  1 

8 

1 

8 

130 

4 

faii- 

21 

7 

1 

6 

27 

5 

fair 

16 

i 

_ 

0 

57 

2 

poor 

25 

8 

6 

80 

2 

poor 

22 

i 

1 

8 

48 

4 

fail- 

IS 

* 

3 

8 

65 

4 

1 r 

26 

8 

6 

67 

3 

poor 

23 

i 

_ 

8 

58 

_ 

fair 

19 

i 

_ 

0 

31 

1 

poor 

27 

8 

5 

33 

2 

v.poor 

24 

i 

_ 

7 

85 

3 

fail- 

20 

i 

_ 

4 

25 

4 

poor 

28 

8 

1 

7 

59 

3 

fair 

25 

10 

2 

9 

84 

3 

fair 

21 

( 

_ 

3 

42 

2 

poor 

29 

8 

1 

7 

4,-> 

3 

poor 

26 

10 

_ 

6 

90 

4 

faii- 

22 

9 

3 

6 

4  7 

4 

fail- 

30 

8 

4 

17 

v.poor 

28 

9 

3 

9 

62 

3 

poor 

23 

2 

_ 

7 

72 

3 

fair 

May    2 

8 

2 

9 

88 

3 

faii- 

29 

2 

_ 

7 

56 

3 

poor 

24 

7 

1 

8 

72 

2 

fail- 

4 

5 

1 

9 

70 

2 

poor 

30 

8 

1 

7 

63 

3 

poor 

25 

8 

1 

/ 

64 

2 

fair 

5 

7 

1 

9 

57 

2 

fair 

31 

7 

_ 

6 

78 

4 

faii- 

26 

0 

_ 

3 

15 

_ 

v.poor 

6 

7 

1 

8 

105 

3 

wood 

June    I 

7 

_ 

4 

04 

3 

poor 

27 

2 

_ 

2 

13 

_ 

v.poor 

7 

7 

1 

s 

54 

3 

poor 

2 

7 

_ 

3 

65 

4 

poor 

28 

i 

1 

3 

52 

2 

poor 

8 

7 

8 

50 

3 

fair 

3 

2 

_ 

4 

209 

_ 

good 

29 

7 

1 

0 

54 

2 

poor 

9 

12 

8 

23 

3 

fair 

4 

2 

_ 

4 

173 

3 

good 

30 

9 

_ 

7 

51 

4 

poor 

10 

7 

6 

19 

3 

fail- 

0 

7 

2 

6 

103 

3 

faii- 

11 

7 

1 

8 

12 

2 

fair 

6 

7 

1 

7 

136 

1   4 

poor 

OBSERVATIONS   OF  DOUBLE   STARS 

MADE  IX    1892    AT   THE   OBSERVATORY   OF   THE   CATHOLIC    UNIVERSITY,    WASHINGTON,   D.C. 

By  Rev.  GEO.  M.  SEAELE. 


Name  of  Star 

No.  of 
nights 

Mean 

dec.  of 

year 

Position- 
angle 

Distance 

Name  of  Star 

No.  of 
nights 

Mean 

dec.  of 

year 

Position- 
angle 

Distance 

/;  Cassiopt  ae 

3 

.12 

193~6 

n 

."..ul 

P.  XIV  212 

3 

.40 

294.0 

16.07 

«  Piscium 

.11 

321.9 

3.19 

44  Bootis 

3 

.44 

24  1.3 

5.12 

23  Trianguli 

.11 

245.2 

7.74 

S  Serpentis 

4 

.40 

185.8 

3.86 

P.V  70 

.11 

108.4 

3.36 

T  Coronue 

3 

.43 

302.6 

6.15 

^•3116 

.17 

29.4 

4.68 

.£1985 

3 

.40 

336.3 

6.27 

38  Gt  minorum 

.11 

158.1 

6.19 

49  Serpe litis 

3 

.42 

330.4 

4.27 

s  Ibidrue 

2 

.15 

223.1 

."..72 

a  Coronae 

3 

.41 

208.1 

4.27 

■/  Leonis 

4 

.13 

113.2 

3.68 

).  Opliiuchi 

1 

.45 

41.9 

1.08 

f  I  rrsae  Majoris 

3 

.43 

193.2 

2.00 

£  Herri'! is 

2 

.42 

54.4 

1.50 

u  Leon  is 

3 

.42 

56.3 

2.70 

,£2120 

3 

.43 

246  6 

6.88 

21669 

3 

.40 

303.1 

6.30 

fi  Draco n  is 

4 

.42 

155.3 

2  89 

;■  Virginis 

4 

.40 

152.6 

6.01 

36  Ophiuchi 

3 

.43 

195.2 

4.56 

P.  XIII  127 

2 

.45 

70.2 

3.07 

S  Herculis 

2 

.40 

190.0 

14.84 

o  Virginis 

3 

.40 

229.8 

2.35 

p  Herculis 

3 

.42 

311.2 

4.26 

P.  XIII  238 

2 

.40 

72.6 

3.17 

,£2190 

3 

.41 

23.5 

10.91 

2"  1  So  4 

3 

.41 

19.4 

4.42 

t  Ophiuchi 

3 

.43 

252.7 

2.19 

,£1830 

1 

.46 

318.5 

6.61 

70  Ophiuchi 

3 

.41 

321.5 

2.51 

e  Bool  is 

4 

.42 

331.4 

2.83 

e,  Lyrae 

3 

.39 

12.4 

3.45 

?  Bootis 

4 

.38 

238.8 

3.14 

=.,  Lyrae 

3 

.39 

130.7 

2.64 

Tlie  above  measures  were  made  with  a  double-image 
micrometer,  constructed  on  the  principle  of  Clausen  (Astr. 
Nachr.  vol.XLI).  The  larger  measures  of  distance  are 
necessarily,  on  the  theory  of  the  instrument,  somewhat  un- 


trustworthy, requiring  great  precision  in  the  determination 
of  the  constants,  and  being  probably  more  than  proportion- 
ally effected  by  various  causes  of  error. 
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SUNSPOT   OBSERVATIONS, 

MADE   AT   THE   HAVEKFORD   COLLEGE   OBSERVATORY    Willi    THE    LO-INCH    EQUATORIAL, 

By  GEORGE  L.  JONES. 


1893 

Time 

Grs 

Spots 

Fac 

Grs 

Def.  and  Size 

1893 

Time 

c.„ 

Spots 

Fac 

Grs 

Def.  anil  Size 

189 

Time 

Grs- 

Spots 

Grs 

Def.  and  Size 

Jan.  6 

11 

6 

59 

0 

fair 

Mar  6 

11 

4 

53 

0 

faii- 

Ma\   7 

9 

5 

93 

2 

fail- 

7 

11 

7 

66 

3 

good  ;  f.  lar. 

7 

2 

5 

62 

1 

fair 

8 

8 

6 

72 

3 

fair 

8 

1 

5 

45 

2 

fair  ;  ini.  fac. 

8 

10 

4 

.v.i 

1 

poor 

9 

8 

5 

55 

3 

fair  ;    1  lar. 

10 

11 

4 

13 

2 

poor 

12 

11 

2 

30 

1 

fair  ; 

1   lar. 

10 

9 

4 

32 

2 

good 

11 

10 

2 

14 

2 

faii- 

13 

10 

■'1 

59 

2 

fair  ; 

1  lar. 

11 

9 

7 

40 

2 

fail- 

L3 

11 

2 

17 

2 

good 

14 

10 

5 

67 

8 

fair; 

1  lar. 

12 

8 

6 

60 

2 

fair 

14 

10 

2 

13 

0 

fail- 

15 

11 

2 

37 

1 

poor 

1  lar. 

13 

8 

5 

36 

3 

pooi- 

15 

11 

2 

17 

0 

fair 

16 

11 

3 

22 

3 

poor 

1   lar. 

14 

9 

7 

47 

1 

fair 

16 

10 

3 

38 

0 

faii- 

17 

8 

4 

20 

1 

fair  ; 

1   lar. 

16 

7  I'M 

7 

49 

1 

v.  poor 

17 

3 

4 

53 

1 

good 

18 

8 

3 

29 

I 

fair  ; 

1  lar. 

19 

9 

4 

57 

2 

good 

18 

11 

2 

40 

0 

bad 

19 

8 

3 

25 

1 

poor 

1  lar. 

20 

9 

5 

60 

4 



19 

10 

3 

77 

0 

poor 

20 

1 

3 

19 

2 

good 

;    1  lar. 

21 

10 

4 

48 

2 

good  ;  2  lar. 

20 

11 

3 

95 

3 

good 

21 

3 

4 

99 

3 

g 

;    2  lar. 

22 

10 

5 

32 

2 

faii- 

21 

12 

4 

128 

3 

good 

25 

10 

4 

63 

1 

poor 

2  lar. 

23 

8 

6 

107 

4 

good  ;   1  lar. 

23 

4 

4 

79 

0 

fail- 

21'. 

9 

8 

89 

2 

fair  ; 

3  lar. 

2  1 

9 

7 

106 

1 

fail- 

24 

11 

7 

149 

2 

good 

2  7 

3 

5 

64 

2 

fair  ; 

1   lar. 

25 

8 

8 

162 

2 

fine 

25 

11 

8 

145 

0 

poor 

28 

10 

7 

81 

1 

fair  ; 

2  lar. 

26 

9 

6 

145 

0 

good  ;  1  lar. 

26 

10 

10 

226 

3 

good  ;  4  lar. 

2'.i 

9 

7 

73 

2 

poor 

2  lar. 

30 

9 

8 

126 

3 

fair  ;   2  lar. 

30 

12 

4 

64 

0 

poor  ;  3  lar 

30 

10 

8 

1(14 

3 

fair  ; 

1   lar. 

.3 1 

8 

7 

122 

2 

fair  ;  2  lar. 

31 

2 

6 

75 

1 

poor  ;  2  lar. 

31 

11 

7 

78 

2 

faii- 

.111  lie  1 

10 

5 

113 

3 

good  ;  3  lar. 

Feb.  3 

2 

5 

63 

2 

fail- 

Apr.  l 

9 

6 

93 

0 

poor 

3 

2 

5 

172 

0 

fair 

4 

11 

3 

49 

1 

poor 

2 

9 

4 

71 

1 

faii- 

4 

2 

6 

2  1  a 

0 

\  .g 1  :  1  lar. 

5 

9 

6 

41 

3 

bad  ;  1  lar. 

3 

10 

3 

62 

3 

good 

5 

3 

9 

267 

2 

fine  ;    1  lar. 

8 

1 

4 

64 

1 

fail- 

4 

4 

4 

41 

3 

good 

;    1   lar. 

6 

8 

5 

165 

2 

faii- 

9 

10 

5 

80 

2 

fair 

5 

1 

4 

20 

1 

faii- 

7 

3 

7 

144 

2 

poor  ;   1  lar. 

11 

1 

6 

75 

2 

good  ;  2  lar. 

6 

9 

3 

26 

1 

poor 

8 

8 

6 

134 

1 

fail- 

12 

1 

4 

55 

1 

poor  ;  1  lar. 

9 

1 

5 

77 

0 

good 

9 

3 

6 

121 

4 

fair;   1  lar. 

14 

9 

3 

91 

0 

poor  ;  1  lar. 

11 

11 

4 

68 

2 

poor 

1  lar. 

10 

2 

4 

130 

2 

fine  :    1  lar. 

16 

10 

4 

52 

2 

fair  ;  1  lar. 

15 

2 

■  > 

60 

2 

good 

;    1  lar. 

11 

9 

5 

75 

2 

fair  ;   2  lar. 

18 

11 

6 

48 

2 

fail- 

16 

11 

6 

53 

4 

fair  ; 

1   lar. 

12 

Id 

4 

109 

0 

fair  ;    1   lar. 

19 

9 

5 

53 

1 

poor 

17 

9 

4 

43 

1 

bad  : 

1  lar. 

13 

7  pw 

4 

70 

0 

bad 

•20 

10 

5 

57 

2 

bad 

18 

8 

6 

61 

2 

fair  : 

1   lar. 

I;", 

8 

7 

122 

2 

poor  ;    1  lar. 

21 

10 

4 

61 

2 

pool- 

19 

8 

5 

71 

1 

fair; 

1    lar. 

18 

5 

6 

105 

5 

fine 

22 

4 

3 

61 

1 

had  ;  1  lar. 

21 

8 

6 

84 

2 

fair; 

1  lar. 

19 

8 

5 

81 

3 

fail- 

24 

12 

4 

131 

2 

good  ;  2  lar. 

23 

11 

6 

132 

0 

.1 

good 

1  lar. 

20 

11 

2 

44 

1 

fair 

25 

2 

4 

136 

2 

good  :  2  lar. 

24 

8 

7 

189 

2 

g 1 

1  lar. 

21 

11 

3 

41 

1 

good 

26 

9 

3 

86 

2 

fair;  2  lar. 

26 

1 

5 

91 

1 

( ■ 

2  2 

11 

4 

49 

0 

faii- 

2  7 

8 

5 

66 

1 

fair  :  2  lar. 

28 

8 

6 

125 

2 

fair; 

1    lar. 

23 

4 

6 

115 

1 

good 

Mar.  1 

10 

I 

121 

•  '• 

good  :  1  lar. 

2:1 

10 

7 

7:i 

0 

faii- 

24 

9 

9 

89 

3 

fail- 

2 

9 

6 

92 

1 

fail-  :   1   lar. 

May  1 

10 

7 

65 

2 

poor 

1  lar. 

25 

3 

5 

53 

2 

bad 

3 

3 

5 

67 

3 

poor  ;  1  lar. 

5 

9 

6 

108 

4 

fair  : 

1   lar. 

29 

9 

6       61 

0 

poor 

5 

10 

5 

54 

•_' 

poor 

6 

9 

6 

97 

3 

fair  ; 

1  lar. 

30 

9 

7  1    57 

3 

poor  :    1  lar. 

The  observations  beginning  with  June  21sl  were  made  by  W.  II.  Collins,  Mr.  Jones  having  left  Haverford  -11  the  20th. 
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By   A.    SAFAKtK. 


I  beg  to  point  out  that  the  two  red  Variablesin  Cygnus  and 
Aguila,  announced  as  new  in  Nos.  284  and  290  of  the 
Astronomical  Journal,  were  discovered  by  me  many  years 
ago,  and  duly  announced  in  my  memoir  "Uber  den  Licht- 
wechsel  ewer  Anzahl  Sterne  mis  der  Bonner  Durchmusterung 
nnil  mis  den  Katalogen  rother  Sterne  von  Schjellerup  unci 
Birmingham,"  which  was  printed  in  the  Sitzungsbtrichte  der 
A'//.  Bohmischen  Qesellschaft  der  Wissenscliafien  (1886,  pp. 
326  to  392 )  ami  an  abstract  of  it  with  additional  remarks 
in  the  Astron.  Nachrichten,  no.  2874  (vol.  120). 


In  that   communication  twenty-two  stars    are  discn 
eight  of  them  being  variable.  The  bright  red  star  Birm.  167, 
only  4°  distant  from  483,  which  has  escaped  Mr.  Sawyer's 
vigilance,   is  also  variable;  and  in  the  vicinity  is   a    third 
new  variable,  about  which  I  have  not  yet  published  anything. 

I  posse>>  ample  materials  for  a  second  memoir  on  some 
fifty  stars,  perhaps  one-qnarter  of  them  being  variable; 
but  from  pressure  of  oilier  work  ami  from  failing  health  I 
have  not  yet  been  able  to  prepare  it  for  the  press. 
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OBSERVATIONS  OF  COMET  1892  VI, 

MADE    WITH    THE   FILAR   MICROMETER   OF   THE   COKDOliA    EQUATORIAL, 

By  R.  H.  TUCKER,  .In., 
[Communicated  by  Dr.  John  M.  Thome,  Director.] 


1893  Cordoba  MT. 

* 

No. 
Comp. 

-* 

&s's  apparent 

2 

8 

log 

for  a 

PA 

Ion) 

Feb.    6 

ii     ii 
Lo  39 

B 

52 

1 

8 

+  1 

33  99 

+   0  46^3 

17     7 

53!oi 

o 

—41 

32 

II 

37.8 

»9.784 

nO.105 

8 

15  34 

57 

2 

11 

+  0 

41.10 

+   5  46.0 

17   14 

18.75 

—41 

21 

4.8 

?(9.785 

n0.130 

9 

15  .".l 

23 

3 

11 

— 0 

37.26 

—  0  29.7 

17   17 

24.53 

—41 

14 

51.2 

n9.784 

xO.134 

10 

15  37 

27 

4 

13 

+  0 

26.47 

+   4  31.3 

17  20 

28.21 

—41 

8 

34.1 

«9.779 

7(0.105 

13 

15  40 

32 

5 

11 

— 0 

50.82 

—  3  29.6 

17'  29 

14.23 

—40 

48 

14.6 

7*9.771 

7(0.076 

15 

15  31 

46 

6 

9 

— 0 

54.10 

—  0  59.3 

17  34 

45.4  7 

—10 

;;;; 

56.1 

7(9.776 

wO.130 

16 

15  34 

8 

7 

7 

—  1 

54.42 

—  5  38.0 

17  37 

25.25 

—40 

26 

30.2 

9*9.77  I 

»i0.122 

18 

15  31 

20 

8 

9 

— 0 

6.85 

—  7  56.0 

17  42 

34.47 

—40 

11 

16.9 

7(9.772 

?i0.129 

21 

15  31 

53 

9 

9 

+  0 

30.46 

+    7  14.1 

17  49 

51.93 

—39 

47 

42.5 

?i9.763 

7)0.098 

Mar.    4 

15  50 

4 

10 

7 

+  2 

15.01 

—  2  49.6 

18   12 

11.11 

—38 

15 

39.1 

7i9.705 

7*9.868 

6 

15  24 

34 

11 

9 

+  0 

36.73 

—  10   13.2 

18   15 

30.14 

—37 

58 

42.3 

7t9.732 

((0.048 

7 

15  30 

50 

11 

7 

+  2 

12.81 

—  1  33.4 

18   17 

6.25 

—37 

50 

2.4 

7)9.720 

n9.991 

9 

15  34 

17 

12 

6 

—3 

5.82 

+   4  30.8 

18  20 

8.76 

—37 

32 

40.8 

7*9.707 

7(9.945 

16 

16     7 

21 

13 

5 

+  2 

26.45 

—  5     8.1 

18  29 

9.01 

—36 

32 

42.7 

7(9.608 

?i9.396 

The  observations  have  been  corrected  for  differential  refraction. 

Mean  Places  for  1893.0  of  Comparison- Stars. 


Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

h         m        B 

17     6  20.22 

9 

—1.20 

O         1            II 

—41   33  23.3 

—0.8 

Cordoba  Zone  Catalogue 

2 

17   13  38.80 

—  1.15 

—41   26  49.7 

—  1.1 

((                    (C                        11 

3 

17   18     2.91 

—1.12 

—11    14   23.3 

—  1.2 

Cordoba  General  Catalogue 

4 

17  20     2.83 

—1.09 

—41    13     4.1 

—1.3 

it              a              a 

5 

17  30     6.05 

—  1.00 

—40  44  43.1 

—  1.9 

U                                 i  i                                 ii 

6 

17  35  40.51 

—0.94 

—40  32  54.6 

2.2 

U                                 i  i                                 I  i 

7 

17  39  20.59 

—0.92 

—40  20  49.9 

—2.3 

u                                 it                                 If 

8 

17  42  42.19 

—0.87 

—40     3   18.3 

—2.6 

.(                          it                           it 

9 

17  49  22.26 

—0.79 

—39  54  53.9 

—2.7 

(£                           It                          ii 

10 

18     9  56.53 

—0.43 

—38   12  46.0 

—3.5 

ii                   ii                   ii 

11 

18  14  53.79 

S  -0.38  ) 

—37  48  25.5 

\-m 

ii                   .i                   ii 

12 

18  23  14.88 

—0.30 

— 57  37     8.0 

—3.6 

Cordoba  Zone  Catalogue 

13 

18  26  42.60 

—0.04 

—36  27  30.7 

—3.9 

Cordoba  General  Catalogue 

Comparison  with  Ristenp art's  Ephemeris  gives  the  corrections  as  +2b  and  +0'.4. 


ANCIENT   ECLIPSES  AND  CHRONOLOGY, 


By  W.  T.  LYNN 

In  the  last  number  of  the  Astronomical  Journal,  Prof. 
Stockwell  returns  to  this  subject  by  referring  to  two  solar 
eclipses  which  occurred  in  A.D.  346  and  348,  and  which  he 
thinks  are  in  favor  of  his  theory  that  the  first  years  of 
Olympiads  coincided  with  bissextile  years.  In  the  first 
place,  let  me  point  out  several  mistakes  in  his  paper.  He 
says  that  the  former  is  mentioned  by  Eusebius  ;  the  fact  be- 
ing that  Ecsebids  died  about  six  years  previously,  in  A.D. 
340.  He  says  that  Hieronymus  meutions  both  eclipses  ;  he 
really  speaks  of  only  one,  which  he  places  in  the  11th  (not 
12th)  year  of  Constantius.     Most  commentators  think  he 


B.A.,   F.R.A.S. 

meant  the  total  eclipse  of  June  6,  A.D.  346,  which  was  the 
tenth  year  of  Constantius,  as  is  proved  by  the  eclipse  of 
A.D.  360,  which  according  to  Ammianus  Marcellinus,  oc- 
curred the  year  before  his  death.  Theophanes  mentions 
two  eclipses,  one  the  year  after  the  other,  but  evidently 
makes  a  mistake  in  this,  as  they  must  be  those,  as  Prof. 
Stockwell  remarks,  of  A.D.  346  and  348. 

I  will  now  show  that  there  must  be  errors  in  the  years  of 
the  Olympiads  given  in  the  Chronicon  of  Eusebius,  continued 
by  Jerome.  An  eclipse  is  mentioned  in  the  fourth  year  of 
Nero,  which  must  have  been  the  fifth  (A.D.  59)  in  which 
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the  Emperor  murdered  bis  mother,  Agbippina  ;  for  the  eclipse 
fell  in  April  SO  of  that  year.  This,  according  to  Eusebius, 
was  the  third  year  of  the  209tb  Olympiad,  which  would 
make  A. D.  61  (the  year  following  a  bissextile)  an  Olympic 
year.  This  agrees  with  my  own  view  on  the  correspondence 
between  Olympic  aud  bissextile  years.  Now  with  regard  to 
the  eclipses  in  the  reign  of  Constantids.  There  cau  be  little 
doubt  that  his  accession  was  in  A.D.337.  and  his  twelfth 
year,  in  which  the  battle  of  Singara  was  fought,  began  in 
A.D.348.     Hieroxymls  places  the  eclipse  before  (in  some 


copies  the  year  before)  the  battle,  though  that  was  certainly 
not  so  late  iii  the  year  as  October.  It  is  somewhat  ui 
tain,  then,  whether  he  means  the  eclipse  of  346  or  348  :  and, 
as  in  Theophanes,  there  must  be  some  mistake.  Historical 
considerations  seem  to  make  it  probable  that  it  was  the 
former  eclipse  falling  in  the  year  of  Sapor's  second  attack 
upon  Nisibis.  Whilst  therefore  recognizing  the  value  of 
Prof.  Stoi  kwki.i.'s  calculations  of  those  eclipses,  it  would 
be  well  if  he  would  reexamine  their  historical  bearing  and 
significance. 


OBSERVATIONS  OF   COMETS, 

MADE   AT   THE   CINCINNATI   OBSERVATORY, 

By  J.  G.  PORTER. 
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9 
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9 

48 
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40  31.8 

)(8.S85 
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18 

13 

46 

9 

7 
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22 

13 

26 

37 
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—22 
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14 
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14 

47 

49 

11 
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22 

14 

27 
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12 
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14 
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—0  48.66 
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Mean  Places  for  1893.0  of  Comparison- Stars. 
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2 

17  40  25.55 

+  2.19 

—24  52   14.1 

—  8.9 

XVII,  2670 

3 

17  30  41.90 

+  2.51 

—  24  31   37.7 

—  9.4 
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4 
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—24    14    10.5 
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5 

17  24   18.53 

+  2.60 

—23  45  26.3 
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Gould  G.C.  23720 

6 

17   24   42.11 

+  2.60 

—23  34  32.1 

—  9.8 

23735 

7 

17  22  21.91 

+  2.62 

—23  21      6.2 

—  10.1 
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17  23  37.5  7 

+  2.63 

—  22   51    55.4 

—  10.0 

Gould  Z.C.XVII.  1526 

9 

1  35  33.02 

+  0.1(1 

+72   59.0 

+   5.3 

Schj.  502  ;  Eq.  comp.  with  Glass;.  355 

10 

1  54  40.04 

+0.20 

+  *8  52     3.2 

+    6.1 

Schj.  585-6 

11 

2     6  47.65 

+  0.2D 

+   9  49  36.2 

+   6.5 

Weissi   II.  57(1),  Rum.  2,  1106(2) 

12 

2  21    19.64 

+  0.22 

+  11    34  43.8 

+   6.8 

We  sse  II.  310,  Mttn.  1.  937,  Mun.  2. 

555* 

13 

2  23     9.70 

+  0.21 

+  11   31    28.6 

+   6.9 

Rum. 2,  1269.  Par.3059,  Mini.  1,946;  i 

.561 

*  The  declinations  of  this  star  come  as  follows  : 
Weisse,        +11°  35'  16'.9 
Man.  1,  34    40  .6 

Miin.  2,  35  .8 

The  position  in  Miin.  2  is  marked  very  doubtful,  and  has  been  re- 


jected. Weisse  was  corrected  — 30',  and  the  mean  of  this  and 
Miin.  1  adopted.  The  star  will  be  observed  with  the  meridian  circle 
as  soon  as  practicable. 

June  18.     Comet  very  faint.     Observation  poor. 
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NEW    ASTRONOMICAL    WOKK. 


ba  Durchmusterung. —  Brightness  mnl  Position  of  Every 
Fixed  Star,  down  to  th<  Tenth  Magnitudt .  belwei  n  22°  and  32°  of 
South  Dei  John-  M.  Thome,  Director. 

This  valuable  work,  already  long  announced,  contains  the  first 
part  of  the  undertaking  begun  by  Dr.  Thome,  in  1885,  on  taking 
charge  of  the  Argentine  National  Observatory  ;  namely,  the  contin- 
uation of  SCHONKELD'fi  DurchmuSti 'rung  southward.      This  has  now 

in,  n  accomplished  for  the  region  comprised  between  the  parallel 
of  22°,  Schonfeld's  lower  limit,  and  that  of  42  ;  and  the  presen! 
volume  contains  the  results  for  the  northern  half  of  the  region. 
The  publication  of  the  other  half,  together  with  the  Atlas,  of 
twelve  maps,  is  promised  for  the  coming  year. 

In  this  volume,  numbered  XVI  of  the  Results  of  the  Argentine 
National  Observatory,  are  given  the  positions  and  magnitudes  of 
179800  stars;  and  the  second  instalment  forming  vol.  XVII,  will 
contain  1(10580  stars.  All  the  observations,  including  those  of 
revision,  were  made  by  Dr.  Thome  and  Mr.  Richard  H.  Tucker, 
Jr.,  the  two  observing  chiefly  in  alternate  zones  of  one  hour  each. 

The  arrangement  of  the  publication  is  essentially  the  same  as 
thai  of  Argelander's  original  work  for  the  northern  hemisphere: 
but  the  positions  are  referred  to  the  mean  equinox  of  1875  0, 
adopted  for  all  the  Cordoba  Results,  thus  far.     A  comparison  of 


the  scale  of  magnitudes  is  highly  satisfactory.  In  the  first  twelve 
hours  of  the  degree  22°,  Sciu'jni  eld's  magnitudes,  assorted  by 
tenths  of  a  unit,  show  for  only  two  groups  below  Tu.l  a  mean 
value  differing  from  that  of  this  catalogue  by  more  than  0.11.  Of 
the  thirty-one  groups  from  7M.0  to  10M.0,  inclusive,  the  difference 
is  negative  in  live  and  positive  in  twenty-six:  and  for  the  mean  of 
all  it  amounts  to  only  0.032,  by  which  amount  the  Bonn  estimates 
are  fainter.  A  series  of  2G53  comparisons  of  the  magnitudes  with 
those  contained  in  live  hours  of  the  Cordoba  Zones  gives  a 
result  naturally  not  so  accordant,  but  generally  satisfactory.  The 
estimates  in  the  zones  are  for  the  most  part  fainter;  yet  the  mean 
difference  for  the  total  of  the  groups  down  to  9M,  inclusive,  is  but 
0.034.     For  stars  below  this  limit,  the  difference  is  more  pronounced. 

The  probable  error  of  the  positions  is  given  by  Dr.  Thome  as 
±0\12,  ±0'.23. 

It  cannot  fail  to  attract  attention  how  greatly  the  lowering  of 
the  limit  of  magnitude  in  this  work  has  added  to  the  number  of 
stars.  The  average  number  of  stars  observed  in  a  square  degree 
is  given  as  56.1,  where  as  the  corresponding  number  in  the  Northern 
Durchmusterung  is  15.2  and  in  Schonfeld's,  18.5. 

A  long  list  of  stars  is  appended  for  which  discordances  in  the 
estimates  of  magnitude  suggest  the  possibility  of  actual  variation. 


ADVERTISEMENT. 

A  volume  of  the  Astronomical  Journal  consists  of  twenty-four  numbers,  with  table  of  contents  and  alphabetical 
index.  The  price  of  subscription  is  $5.00,  payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage, 
when  the  address  is  to  countries  not  in  the  international  postal  union. 

It  will  be  continuously  sent  to  subscribers  expressing  a  desire  to  this  effect.  But  the  frequent  refusal  of  agents 
to  be  responsible  for  volumes  subsequent  to  the  particular  one  subscribed  for,  requires  this  notice, — that  copies, 
ordered  through  booksellers  or  agents,  will,  in  the  absence  of  any  intimation  to  the  contrary,  be  discontinued  at  the 
close  of  the  volume. 

Some  copies  of  earlier  volumes  are  still  remaining,  and  all,  excepting  the  first  three,  may  be  obtained  at  the 
same  price.  Single  numbers,  when  available,  will  be  furnished  at  SO. 25  "each,  but  only  for  the  purpose  of  com- 
pleting sets. 

No  discount  is  made  to  booksellers;  but  remittances  can  be  conveniently  sent  by  postal  money-order  to  the 
Editor,  at  Cambridge,  Massachusetts.  If  made  by  checks,  it  is  requested  that  these  be  drawn  upon  some  bank  in 
the  New  England  States,  or  in   the  cities  of  New  York,  Philadelphia,  Washington  or  Chicago. 
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SECOND   CATALOGUE   OF   VARIABLE  STARS, 

By  S.  C.  CHANDLER. 


The  unexpected  delay  in  the  appearance  of  this  Catalogue 
has  largely  been  due  to  the  labor  involved  in  carrying  out 
the  design  of  making  the  elements  of  every  star  definitive, 
in  the  sense  that  every  observation  available  up  to  date 
should  be  included  in  the  calculation.  This  design  has  been 
adhered  to  as  faithfully  as  possible,  and  the  elements  here 
given  may  be  regarded  as  a  practically  complete  representa- 
tion of  our  present  knowledge.  Kven  in  the  few  cases, 
especially  mentioned  in  the  notes,  where  observations  of 
maxima  and  minima  have  come  to  hand  since  the  computa- 
tion of  the  elements,  they  have  been  compared  with  the  lat- 
ter, in  order  to  assure  that  the  deviations  are  merely  nominal. 

While  the  general  form  of  the  First  Catalogue  has  been 
retained,  some  changes  have  been  made  to  increase  its  con- 
venience in  use,  and  to  supply  additional  information  of 
value  to  observers.  The  nature  of  these  changes  will  lie 
apparent  in  the  following  description  of  the  construction. 

Number.  The  number  in  the  first  column  of  both  right 
and  left-hand  pages  is  assigned  upon  the  system  of  ordinal 
notation  introduced  in  the  First  Catalogue,  by  taking  one- 
tenth  of  the  right-ascension,  expressed  in  time-seconds,  for 
the  equinox  1900.0.  This  precept  has  not  been  rigorously 
applied,  nor  in  the  future  need  be  so  applied,  where  two  or 
more  variables  occur  within  a  few  seconds  of  right-ascension. 
Also,  in  the  numbers  for  the  newer  stars,  it  has  been  thought 
best  to  violate  the  strict  rule  in  a  few  cases,  where  the  num- 
bering would  otherwise  have  been  consecutive,  in  order  to 
provide  gaps  for  future  variables.  It  is  essential  that  num- 
bers once  assigned  should  not  be  disturbed,  even  at  the 
expense  of  deviating  by  one  or  two  units  from  the  strict 
enumeration. 

Star.  The  letters  according  to  Argelander's  system  of 
nomenclature,  extended  by  the  use  of  double  letters,  require 
no  special  remark. 

R.A.  and  Decl.  for  1900.0.  These  are  given  to  the  near- 
est second  and  tenth  of  a  minute,  respectively.  To  secure 
strict  accuracy  in  the  last  place,  all  the  available  meridian 
and  micrometric  determinations  of  position  have  been  col- 
lected and  reduced  accurately  to  1875.0,  with  precessions 
and  secular  variations  calculated  for  this  epoch.     Any  ap- 


preciable proper  motions  were  then  detected  ami  assigned; 
and  the  mean  places  carried  forward  accurately  to  the  equinox 
and  epoch  of  1900.0.  For  some  of  the  newly  discovered 
variables  no  precise  places  could  be  found,  and  for  these  it 
was  necessary  to  employ  the  rude  data  given  by  the  observ- 
ers—  often  expressed  merely  to  the  tenth  of  a  minute  in 
R.A.  and  round  minute  in  Declination.  It  is  desirable  to 
suggest  that  the  use  of  such  coarse  units  is  insufficient  for 
the  purpose  of  certainly  distinguishing  these  objects,  in  their 
faiuter  stages,  from  the  small  telescopic  stars  in  their 
vicinity  ;  and  that  those  who  are  addicted  to  this  habit  should 
raise  their  standard  of  precision. 

Annual  Variations  for  1900.  Precessions  plus  proper 
motions  for  this  date,  to  the  nearest  hundredth  in  seconds 
and  minutes,  respectively,  in  R.A.  and  Declination. 

R.A.  and  Decl.  for  1855.0.  These  are  repeated  from  the 
First  Catalogue,  as  a  matter  of  general  obvious  convenience. 

Redness.  This  is  expressed  in  a  numerical  arbitrary  scale, 
which  may  be  approximately  defined  as  follows  :  0  corres- 
ponds to  white  ;  1,  to  the  slightest  perceptible  admixture  of 
yellow  with  the  white  ;  2,  to  yellow  ;  3,  to  yellowish  orange  ; 
4,  to  full  orange  or  orange-red  ;  5-10,  to  increasing  shades 
of  intensity  up  to  the  deepest  red  of  which  we  have  cogniz- 
ance in  the  heavens,  exemplified  nearly  by  such  stars  as  1771 
RLejwris,  H28VCygni,  7779  &  Gephei  and  7803  ftCephei. 
For  a  fuller  description,  with  details  of  the  determinations, 
reference  is  made  to  A.J.  VIII,  137,  and  to  the  introduction 
to  the  First  Catalogue.  Mr.  Yendei.l  has  furnished  some 
estimates  of  stars  not  included  in  my  determinations,  con- 
forming to  the  same  scale  ;  and  these  are  indicated  by  an 
asterisk.  Where  a  round  unit  merely  is  given,  it  signifies 
that  it  is  not  the  result  of  direct  estimate,  made  uniformly 
with  the  general  series,  but  merely  a  rude  attempt  to  assign 
a  value  from  general  knowledge,  or  description  by  other 
observers. 

Maximum  and  Minimum  Magnitude.  These  columns  con- 
tain the  previously  observed  extremes  of  brightness  at  each 
of  these  phases,  derived  from  a  comparative  scrutiny  of  all 
the  trustworthy  data  up  to  date,  expressed  in  the  prevailing 
scale  of  magnitude,  namely,  that  of  the  Uranometria  Nova, 
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the  Durchmusterung,  the  Uranometria  Argentina  and  the 
Southern  Durchmusterung.  For  the  fainter  magnitudes, 
where  our  knowledge  of  absolute  standards  for  the  extension 
of  Argelander's  scale  downwards  is  vague,  the  scale  used 
may  be  defined  by  the  limits  of  visibility  established  by 
Si  h.'.nfeld  for  the  Mannheim  ref  actor,  12.7;  by  my  6  j; -inch, 
13.0  ;  and  by  Townley  for  the  Madison  15-inch,  14.7. 

M — m.  The  interval  in  days  and  fractions  thereof,  from 
minimum  to  the  next  following  maximum.  In  the  First 
Catalogue  this  information  was  given  by  the  calendar  date. 
The  present  mode  is  chosen  for  economy  of  space,  and  is 
quite  as  convenient  in  computing  times  of  minimum  from  the 
elements  of  maximum. 

Elements  of  Maximum.  These  are  uniformly  in  Green- 
wich mean  time.  The  principal  epoch  is  expressed  in  two 
ways  ;  first,  by  the  ordinary  calendar  date,  without  fractious 
of  a  day  ;  next  by  the  corresponding  Julian  date,  with  the 
fractions.  For  the  10  stars  of  the  ^%oMype,  and  for  2213 
t)  Oeminorum  and  3186  T  Cancri,  the  nature  of  the  light- 
curves  permits  the  minimum  alone  to  be  determined,  and 
therefore  the  column  contains  for  these  stars,  as  well  as  for 
(3  Lyrae,  the  principal  minimum-epoch. 

The  period  is  expressed  iu  days  and  decimal  fractions, 
except  for  some  of  the  stars  of  short  period,  where  hours, 
minutes  and  seconds  are  used,  following  custom,  and  con- 
venience in  writing  the  small  inequalities  which  it  would  be 
awkward  to  express  in  decimals  of  a  day. 

The  factor  E  is  the  number  of  periods  elapsed  since  the 
principal  epoch.  The  principal  epoch  is  generally  the  first 
recorded  maximum  (or  minimum)  after  discovery,  in  con- 
formity with  the  practice  of  Argelander  and  SchOnfeld. 
Wherever  this  rule  is  departed  from,  it  is  for  the  purpose 
of  adhering  to  the  enumeration  already  established  iu  stand- 
ard investigations  of  particular  stars.  Exceptional  devia- 
tions from  these  rules  are  recorded  in  the  notes. 


Following  the  periods  are  the  numerical  inequalities  de- 
pending on  powers  or  periodic  functions  of  E.  In  addition 
to  the  cases  where  these  inequalities  have  been  numerically 
determined,  there  are  a  large  number  of  others  where  the 
existence  of  such  terms  has  been  discovered,  but  in  which  it 
is  not  yet  practicable  to  determine  the  coefficients.  These  are 
indicated  in  the  column  of  remarks  by  the  words  "  periodic 
inequality,"  a  query  being  atlixed  when  the  evidence  is  some- 
what obscure. 

The  column  of  remarks  also  contains,  for  the  non-periodic 
stars,  a  characterization  of  the  type  of  variability.  For 
want  of  a  better  concise  phrase,  the  term  "  Irregularly 
periodic  "  is  used  for  stars  in  which  the  periodicity  is  mani- 
fested in  a  slight  degree.  The  term  "  Irregular  "  is  used 
where  there  is  an  entire  absence  of  any  discernible  law  in 
the  changes  of  brightness. 

It  is  hardly  necessary  to  say  that  the  elements  are  the  re- 
sult of  original  investigation  in  all  cases  except  where  the 
authority  is  accredited  in  the  remarks. 

Basis  of  Elements.  These  columns  contain  the  number 
of  maxima.  M,  the  number  of  minima,  m,  and  the  interval 
embraced  by  them,  upon  which  the  calculation  of  the  ele- 
ments depends.  This  information  is  of  the  utmost  impor- 
tance and  usefulness  to  future  observers  of  these  objects, 
indicating  the  character  of  our  present  information,  and 
guiding  the  selection  of  stars  for  observation.  It  should  be 
noted  that  a  very  large  proportion  of  the  maxima  and  minima 
were  determined  by  two  or  more  observers,  so  that  the  actual 
number  of  observations  of  the  phases  used  in  the  calculations 
is  much  largei'  than  appears. 

For  convenience  iu  computing  ephemerides,  and  in  com- 
paring future  observations  with  the  elements  of  the  Cata- 
logue, a  table  is  added  for  the  conversions  of  Julian  and 
Calendar  dates  during  the  next  ten  years. 


Table  for  Converting  Julian 

AND  Ci 

u.endar  Dates. 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

Jan.  1 

241  2465 

2830 

3195 

3560 

3926 

429 1 

4656 

502'l 

5386 

5751 

6116 

Feb.  1 

2496 

2861 

3226 

3591 

3957 

4322 

4687 

5052 

5417 

5782 

6147 

Mar.  1 

2524 

2889 

3254 

3620 

3985 

4350 

4715 

5080 

5445 

5810 

6175 

Apr.  1 

2555 

2920 

3285 

3651 

4016 

4381 

4746 

5111 

5476 

584  1 

6206 

Mav  1 

2585 

2950 

3315 

3681 

4046 

4411 

4776 

5141 

5506 

5871 

6236 

June  1 

2616 

2981 

3346 

3712 

4077 

4442 

4807 

5172 

5537 

5902 

6267 

Julv  1 

2646 

3011 

3376 

3742 

4107 

4472 

4837 

5202 

5567 

5932 

6  297 

Aug.  1 

2677 

304  2 

3407 

3773 

4138 

4503 

1S6S 

5233 

5598 

5963 

6328 

Sept.  1 

2708 

3073 

3438 

3804 

4169 

4534 

4899 

5264 

5629 

5994 

6359 

Oct.  1 

2738 

3103 

3468 

3834 

4199 

4564 

4929 

5294 

5659 

6024 

6389 

Nov.  1 

2765 

3134 

3499 

3865 

4230 

4595 

4960 

5325 

5690 

6055 

6420 

Dec.  1 

241  2799 

3164 

3529 

3895 

4260 

4625 

4990 

5355 

5720 

6085 

6450 

In  view  of  the  profuse  announcements  of  variability  dur- 
ing the  past  few  years,  the  very  moderate  increase  in  the 
present  Catalogue  over  the  previous  one  may  excite  surprise 
among  those  who  do  not  kuow  the  facility  with  which  rub- 


bish collects  about  the  subject.  This  Catalogue  would  be 
very  much  longer  if  all  such  announcements,  made  on 
what  might  be  regarded  as  reputable  authority,  had  been 
admitted.     But  it  would  have  ceased  thereby  to  represent 
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any  exact  knowledge.  Among  those  who  busy  themselves 
with  the  subject  there  are  some  with  whom  the  uncritical 
habits  of  the  seventeenth  century  still  prevail,  and  who 
emulate  the  exuberant  enthusiasm  of  Montanari,  who  dis- 
covered more  than  a  hundred  new  variables — only  one  of 
which  is  now  in  our  lists  —  and  who  made  no  observations 
of  any  service  whatever,  as  to  the  phenomena ;  rather 
than  the  critical  and  conscientious  care  of  Aiegei.anhek,  who 
first  winnowed  the  chaff  from  the  wheat,  in  his  little  cata- 
logue of  18  stars  published  in  1814.  and  from  that  point 
elevated  the  subject  into  a  scieuce  ;  or  of  Schonfkld,  who 
extended  it  and  maintained  its  purity. 

No  apology  therefore  is  needed  for  the  unrelaxed  applica- 
tion of  the  principles,  for  deciding  the  delicate  and  perplex- 
ing question  as  to  what  stars  shall  be  admitted,  which  wen- 
set  forth  in  the  introduction  to  the  First  Catalogue.  They 
may  be  summed  up  in  two  seutences.  It  is  a  paramount 
consideration  that  our  knowledge  must  be  kept  clear  of  con- 
fusion, even  at  the  risk  of  an  incomplete  statement  of  it. 
No  star  should  be  inserted,  no  matter  how  high  the  authority 
on  which  its  variability  is  declared,  without  independent 
verification  on  undoubted  authority  and  evidence.  Other- 
wise the  result  will  be  chaos. 

As  a  matter  of  fact  then,  the  only  stars  added  are  those 
which  have  been  sufficiently  confirmed  since  the  first  edition. 
On  the  other  hand,  four  stars  which  have  long  appeared  in  the 
older  lists  have  been  dropped,  for  reasons  which  will  be 
stated  in  the  notes  to  the  supplementary  list,  to  which  they 
have  been  relegated  ;  and  there  are  perhaps  two  or  three 
others  which  might  be  treated  in  the  same  way.  During  the 
past  two  years  other  investigations  have  prevented  my  giv- 
ing the  attention  which  I  had  previously  given,  to  the  obser- 
vation of  the  long  list  of  objects  awaiting  confirmation  ;  but 
Mr.  Yendell  has  taken  the  matter  into  efficient  charge,  and 
has  kept  more  than  a  hundred  of  them  on  his  working  list. 
It  is  to  his  discrimination  and  zeal  that  many  of  the  con- 
firmations are  due,  as  will  be  seen  in  the  notes  to  the  cata- 
logue. He  has  kindly  kept  me  supplied  with  the  evidence 
on  this  matter  afforded  by  his  observations.  I  am  also 
deeply  indebted  to  Mr.  Parkhorst  and  Mr.  Yendell  for  the 
results  of  their  very  numerous  observations,  in  advance  of 
publication,  of  maxima  and  minima  of  known  variables. 
During  the  last  few  months  I  have  been  in  continual  corres- 
pondence with  these  gentlemen,  and  to  them  is  almost  entire- 
ly due  the  completeness  with  which  the  present  work  has 
been  brought  up  to  date.  Without  their  cordial  collabora- 
tion and  interest,  indeed,  it  would  have  been  extremely 
imperfect.  Profound  acknowledgements  are  also  gratefully 
made  to  Messrs.  Townley,  Roberts  and  Sawyer,  for  manu- 
script copies  of  observations,  and  other  information  of  the 
greatest    value. 

The  work  of  accurate  observation  of  the  phenomena  of 
the  known  variables,  in  which  these  astronomers  have  been 
so  assiduous  —  and  which,  as  in  the  case  of  the  comets,  is 


of  a  much  higher  grade  than  the  discovery  of  newobjects  — 
is  the  most  essential  element  to  the  progress  of  this  branch 
of  astronomy,  and  is  a  field  which  affords  ample  room  for 
many  more  participants. 

This  seems  as  appropriate  a  place  as  any  for  an  important 
remark.  In  comparing  future  observations  of  maxima 
and  minima  with  the  elements  of  the  catalogue,  it  should  be 
borne  in  mind  that  the  periods  here  given  are  their  mean 
values,  determined  generally  from  long  series  of  observa- 
tions, and  that  any  deviations,  apparently  larger  than  the 
accidental  error  of  observation,  are  probably  due  to  some 
systematic  inequality  in  the  course  of  development.  It  will 
be  seen  from  an  inspection  of  the  Catalogue  that,  beside  the 
forty  cases  among  the  variables  of  long  periods  for  which  I 
have  determined  such  terms  numerically,  there  are  about 
thirty  others  where  their  existence  is  distinctly  indicated. 
Indeed,  as  I  have  elsewhere  stated,  there  is  scarcely  a  case. 
where  the  observations  are  sufficiently  continuous  to  give 
evidence  on  the  point,  in  which  they  are  not  manifest;  and 
we  may  safely  conclude  that  they  are  generally  prevalent, 
and  inseparably  associated  with  this  type  of  variability. 
They  are  in  general  periodic,  running  through  cycles  of 
fifty  or  sixty  periods  on  the  average,  sometimes  of  only 
twenty  or  thirty  periods.  The  amplitude  is  sometimes  con- 
siderable, rising  to,  say,  a  fifth  of  the  star's  period.  For 
the  most  part,  however,  they  are  comprised  within  the  limits 
of  twenty  or  thirty  days  from  the  time  of  the  phase  indicated 
by  the  mean  period.  In  the  preparation  of  ephemerides  for 
the  use  of  observers,  in  preparing  to  observe  the  phases,  it 
therefore  does  not  seem  advisable  to  apply  arbitrary  cor- 
rections, dependent  on  one  or  two  recently  observed  maxima, 
as  is  sometimes  done  :  on  account  of  the  risk  of  thereby  in- 
fluencing prejudicially  the  intending  observer's  results,  which 
ought  to  be  free  of  all  bias.  It  seems  better  that  his  work 
should  he  done  under  the  influence  only  of  the  general  warn- 
ing that  such  real  variations  from  the  predicted  times  are 
continually  in  operation,  by  the  very  nature  of  the  phenom- 
ena. There  is  no  class  of  work  in  which  freedom  from  pre- 
occupation of  mind  is  so  essential  as  in  this.  This  is  so 
especially  true  of  the  stars  of  the  Algol-ly\>e  that  the  publi- 
cation of  ephemerides  of  their  minima  nearer  than  to  the 
nearest  hour,  is  to  be  deprecated. 

The  above  remarks  of  course  do  not  apply  to  stars  which 
have  been  recently  discovered,  or  which  have  been  rather  in- 
frequently observed.  The  uncertainty  iu  the  elements  given 
for  these  will  be  apparent  by  inspection  of  the  column 
■•  Basis  of  Elements,"  or  is  especially  remarked  in  the  notes 
at  the  end  of  the  Catalogue. 

Special  effort  has  been  made  to  supply  as  many  epochs  of 
minimum  in  the  present  Catalogue  as  the  data  available  per- 
mitted ;  this  being  the  particular  in  which  our  knowledge  is 
most  defective.  From  column  M — m  it  will  be  seen  that 
this  element  is  given  in  11 J  cases,  as  against  only  63  in  the 
First  Catalogue. 
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11)00.0 

1900 

1855.0 

Red- 

Mag n 

tude 

No. 

Star 

B.A. 

Decl. 

Annual  Variation 

E.A. 

Decl. 

ness 

Max. 

Min. 

100 

T  Ceti 

1:         ill        s 

0  16  42 

o         / 

—20  36.7 

+  3".04 

+  0.33 

h       in       s 

0   14  26 

— 20°5l'.8 

4 

5.1-  5.3 

6.4-  7.0 

107 

T  Cassiopeae 

17  49 

+  55   14.3 

3.22 

d.:;:i 

15  25 

+  51   59.3 

7.:! 

7.0-  8.0 

11.0-11.2 

112 

R  Andrornedae 

18  45 

+  38     1.1 

3.16 

0.33 

16  25 

+  37  46.4 

5.0 

5.6-  8.6 

<12.8 

114     s  Ceti 

18  58 

—  9  53.0 

3.05 

0.33 

16  41 

—  10     7.9 

2.0 

7.0-  8.0 

12 

1  It!     B  Cassiopeae 

19   15 

+  63  35.5 

3.30 

0.33 

16  47 

+  63  20.6 

_ 

>1 

V 

161 

T  Piscium 

26  49 

+  14     2.9 

3.11 

0.33 

21   29 

+  13  48.0 

0 

9.5-10.2 

10.5-11.0 

209 

a  Cassiopeae 

34  50 

+  55  59.3 

3.38 

0.33 

32   18 

+  55  44.5 

5 

2.2 

2.8 

224 

S  Andromedae 

37  15 

+  40  43.2 

3.26 

0.33 

34  49 

+  40  28.3 

5 

7 

0? 

243 

U  Cassiopeae 

40  46 

+  47  42.6 

3.33 

0.33 

38   16 

+  47   27.8 

6 

8.0-  8.S 

<15 

320 

U  Cephei 

0  53  23 

+  81   20.2 

5.09 

0.33 

0  49   38 

+  81      5.5 

0 

7.1 

9.2 

132 

S  Cassiopeae 

1    12    18 

+  72     5.1 

4.35 

0.32 

1      9     4 

+  71   50.8 

6.7 

6.7-  8.6 

<13.5 

134 

S  Piscium 

12  21 

+   8  24.3 

3.13 

0.32 

10     0 

+   8     9.9 

1.0 

8.2-  9.3 

<14.7 

166 

U  Piscium 

17  41 

+  12  20.7 

3.17 

0.32 

15   18 

+  12     6.4 

_ 

9.5 

14.5-15.0 

194 

R  Sculptoris 

22  22 

—33     3.5 

2.77 

0.31 

20   17 

—33   17.8 

It 

5.7 

7.6-  8.0 

513 

R  Piscium 

25  29 

+    2  21.9 

3.09 

0.31 

23   10 

+   2     7.9 

2.0 

7    -  8.8 

<13 

678 

UPersei 

52  56 

+  54  20.1 

3.95 

0.29 

50     0 

+  54     7.0 

6.4* 

8.2 

<H 

715 

S  Arietis 

1   59    16 

+  12     2.8 

3.21 

0.29 

1   56  51 

+  11   49.7 

•2 

9.1-  9.8 

14? 

782 

R  Arietis 

2  10  25 

+  2-1   35.5 

3.4  0 

0.28 

2     7  53 

+  24  22.8 

1.8 

7.6-  9.0 

ii. 7-i:;. o 

793 

T  Perse  i 

12  12 

+  58  29.5 

4.26 

0.28 

9     o 

+  58   16.7 

4 

8.2 

9.3 

.sin; 

o  Ceti 

14   18 

—  3   25.7 

3.03 

0.27 

12      1 

—  3  38.3 

5.9 

1.7-  5.0 

8    -  9.5 

814 

S  Persei 

15  41 

+  58     7.8 

4.27 

0.28 

12   29 

+  57  55.2 

5.0 

8.5 

13 

8  1 5 

RCeti 

20  55 

—  0  37.8 

3.06 

0.27 

18  38 

—  0  50.1 

2.4 

7.5-  8.8 

13.5 

893 

UCeti 

28  56 

—13  35.2 

2.88 

0.27 

26  45 

—13  47.2 

3 

6.8-  7.3 

10. 5< 

906 

R  Trianguli 

30  59 

+  33  49.8 

3.62 

0.26 

28   16 

+  33  37.8 

5.4* 

5.8 

11.7 

976 

T  Arietis 

42  45 

+  17     5.5 

3.34 

0.25 

40   15 

+  16  54.1 

3.2 

7.9-  8.6 

9.3-  9.7 

1072 

p  Persei 

2  58  46 

+  38  27.2 

3.  s3 

0.24 

55  54 

+  38  16.5 

2 

3.4 

4.2 

1090 

(3  Persei 

3     1   40 

+  40  34.2 

3.89 

0.23 

2  58  4  5 

+  40  23.6 

0 

2.3 

3.5 

1113 

U  Arietis 

5  30 

+  14  24 

3.32 

0.23 

3     3     1 

+  14   14.(1. 

- 

7.8 

<11 

1222 

R  Persei 

23  41 

+  35   19.6 

3.81 

0.21 

20  50 

+  35   10.1 

2.3 

7.7-  9.2 

12.8-13.5 

1367 

X  Tauri 

47  50 

+    7  28.8 

3.22 

0.18 

45  26 

+   7  20.6 

. 

6.6 

8.1 

1411 

i.  Tauri 

3  55     8 

+  12  12.5 

3.32 

0.17 

3  52  39 

+  12     4.6 

0 

3.4 

4.2 

1537 

T  Tauri 

4  16   10 

+  19   17.8 

3.4  9 

0.15 

4  13  33 

+  19   11.3 

0 

9.2-11.5 

12.8-<13.5 

1574 

W  Tauri 

22  16 

+  15  53 

3.42 

0.14 

19  43 

+  15  46.5 

5 

9? 

<12.5 

1577 

R  Tauri 

22  49 

+   9  56.4 

3.29 

0.14 

20  21 

+   9  50.1 

4.5 

7.4-  9.0 

12.8-13.5 

1582 

S  Tauri 

23  43 

+   9  43.5 

3.28 

0.14 

21    16 

+   9  37.3 

2.5 

9.5-10.0 

<13.5 

1623 

T  Camelopardalis 

30  26 

+  65  59 

5.85 

0.13 

26     4 

+  65  53 

6* 

7.9-  8.2 

<12 

1 635 

RReticuli 

32  30 

—63  14.2 

0.61 

0.12 

32     3 

—63   19.8 

_ 

7 

<13 

1654 

R  Doradus 

35  36 

—62   16.4 

0.70 

0.12 

35     5 

—62  21.8 

7 

5.7 

6.7 

1717 

V  Tauri 

46   15 

+  17  22.1 

3.47 

0.11 

43  39 

+  17  17.4 

3.3 

8.3-  9.0 

<13.5 

1761 

ROriouis 

53  35 

+   7  58.7 

3.25 

-   0.10 

51     8 

+    7  54.3 

4.9 

8.7-  9.1 

11.2-13.5 

1768 

£  Aurigae 

54  47 

+  43  40.5 

4.30 

0.09 

51  34 

+  43  36.2 

1 

3.0 

4.5 

1771 

R  Leporis 

4  55     3 

—14  57.4 

2.73 

0.09 

4  53     0 

—15     1.7 

9.4 

6-7 

8.5? 

1855 

R  Aurigae 

5     9   13 

+  53  28.4 

4.83 

0.07 

5     5  36 

+  53  25.0 

6.5 

6.5-  7.8 

12.5-12.7 

1923 

S  Aurigae 

20  31 

+  34     3.7 

3.96 

0.06 

17  33 

+  34     2.1 

6.7 

9.4-11.0 

<14.5 

1944 

S  Ononis 

24     5 

—  4  46.4 

2.96 

0.05 

21   51 

—  4  48.7 

6.4 

8.3-  9.5 

11.0-13.0 

1953 

T  Aurigae 

25  34 

+  30  22.2 

3.85 

0.05 

22  41 

+  30   19.9 

- 

4.5 

<15 

1981 

S  Camelopardalis 

30  13 

+  68  44.6 

6.48' 

0.04 

25  22 

+  68  42.5 

7.8* 

8.5 

12 

1986 

T  Ononis" 

30  56 

—  5  32.4 

2.94 

0.04 

28  43 

—  5  34.5 

0 

9.7 

13 

2013 

U  Aurigae 

35  32 

+  31   59 

3.90 

0.04 

32  37 

+  31   57 

7.5* 

8.6 

12 

2098 

a  Orionis 

49  45 

+    7  23.3 

3.25 

0.02 

47  19 

+    7   22.9 

6 

1 

1.4 

2100 

U  Orionis 

5  49  53 

+  20     9.5 

3.56 

+  0.01 

5  47  13 

+  20     8.7 

7 

6.4-  7.5 

<12 

2213 

tj  Geminorum 

6     8  51 

+  22  32.2 

+  3.62 

—0.01 

6     6     8 

+  22  32.6 

3 

3.2 

3.7-  4.2 

N°-  300. 
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No. 


Jl—m 


100 
107 
111' 
114 

in; 
lfii 

•j,,., 
224 

243 
320 

432 

13  1 
466 
19  1 
5-13 
6.8 

71.". 
782 
793 
806 
8!  I 

845 
893 
906 
976 

1072 

1090 
111:; 
1  222 
1367 
1411 

1537 

1571 
1  •">  7  7 
15*2 
1623 

1635 
1654 

1717 

i  r  * ;  i 

1768 

1771 
1855 
1923 
1944 
1953 

1981 
1986 
L'l  )l:', 
2098 
2100 
2213 


221 
170:: 

14.". 


120 

300: 

200: 

83 

131  : 

149 


165  : 
91.5 

112.H 


119 
127 


96 


140: 
70: 


89 
214: 


212 
241 

194 


145; 


Elements  of  Maximum,  Greenwich  M.T. 
Epoch  (Cal.)      (Julian)  Period  Inequalities  Remarks 

5 

Irregularis  periodic? 

1871  Mar.  31=2404515  +445.0   E      Periodic  inequality 

1859Mar.27     2400131  +410.7   E  +25  sin(12°E+! 

L872Dec.  27     2405155  +321.0    E 

....        New  star  of  1572 

....         Irregular 

....        Irregular 

....        New  star  of  1885  in  Androm.  neb 

I8.sc.  Dec.   12     2410253  +276.0    E 

Mnj.  1880  June  23'  9"  28m.O  +2d  11"  49m38s.'25E+95m  sin(0°.08E  +  283°) 

1863Mar.  18     2401583  +610.5   E +50sin(  10°E  +  50°) 

1866  Jan.     4     2402606  +405.3  E      Periodic  inequality 

1880  Jan.     8     24(17723  +172.7    E      Periodic  inequality 

1872Dec.  11     2405139  +207.5    E 

1866  Nov.  22     2402928.0  +344.15E +13  sin(12°E+180°) 


1*72  Mar.  22     2404867  +292.2    E      Periodic  inequality 

l866Sept.   4     2402849-0  +  186.60E +7  sin(5°E+23o 

....        Irregularly  periodic? 

l866Dec.27     2402963.4  +331.60E +25sin(4°.5E+90  ,+* 

....        Irregularly  periodic? 

L867Mar.    2     2403028.0  +167.0   E      Periodic  inequality 
l884Dec.   11      2109522  +235.8    E 
1890  Sept.  30     2411041  +262        E 
1*73  Mai.  31      2405249  +313        E 
....         Irregularly  periodic 

Min.  1*88  Jan.  3d 7"  21m  29B.23  +  2d  20h  48"' 55.425E  +  f 

1861Sept.25     2401044.0  +210.1    E  +20  sin(7°.5E+135°) 

Mis.  1887  Dec.  6d  11"  57m.0+3<i  22h  52ra  12s. 0E  Algol-type.    Per. 


meq. 


1880  Feb.  15  240  7761  +141  E 

1862  May     1  2401262  +325  E 

I860  Feb.  14  240  0455.5  +375.5  E 

1891  Dec.  24  2412091  +370  E 

1864  Feb.     5  2401907  +280  E 


Irregular 
Parkburst's  elements 


Elements  uncertain 


1872  Sept.  14     2405051.0     +170.4    E      Periodic  inequality  ? 
1855  Mar.  23     2398666        +380.0   E 
....         Irregular 

1864  Mar.    5     240  1936.7     +436.1    E      Periodic  inequality 
1862  Nov.  16     2401461.8     +460.6    E 

Irregularly  periodic 

New  star  of  1892      , 


1870  Feb.     1     240  4095        +412       E 


1892  Aug.  22     2412333 

1891  Jan.  31     241  1764 

18*5  Dec.    7=240  9883 
Mix.  1865  Nov.  5 


+  111       E  Elements  very  uncertain 

....  Irregular 

+  397       E  Elements  very  uncertain 

....  Irregularly  periodic 

+  371       E  Periodic  inequality 

+231.4    E  Periodic  inequality 


J/ 


13 

21 

7 


i 

14 

10 

12 

4 

14 


9 
13 

105 


20 
8 
5 

10 


31 


4 
21 
10 

2 


18 
12 


19 
17 


Basis  of  Elements 


m 


Dates  included 


5 

1 
3 


2 
50 

2 

1 
11 

3 

2 


1 

21 

15 


496 

3 

53 


13 
6 

11 


1842,  57,  71-91 
1827, 

1872-91 


1 

14 


1856,  -".7.  86-92 
1*2*,  80-93 
1*43,  63-93 

85',  92 

1*79-92 
1872-91 


-  --86,92 
1828-46, 

1892 


1794.  181  1-9:: 
1877,  84-90 
.  87-92 

1*71-71.  84-92 


1782-1887 
1833,  61-92 
1796,  1844-92 

1880,  87-93 
1798,  1855-92 
1855-59,  *3-93 
1*91.  92 

1864-67.91,92 

1826,  54.  71-93 
1846-74,  83-92 


1 855-83 
1862-91 

1863-92 


1892,  3 

1891,  93 

1885-93 
1*44. • 


*+2.-.  sin   1  .11?.-.  K-r-l*8°-2)         f  +173'-.3  sin(s'f;  E+-202°.5,  +1*  m.  .in  4;„  E +203c.25).     See  notes. 
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1900.0 

1900 

1855.0 

Red- 

Magnitude 

No. 

Star 

R.A. 

Decl. 

Annual  Variation 

B.A. 

Decl. 

ness 

Max. 

Min. 

2258 

V  Aurigae 

h         in        s 

6  16  18 

o          ' 

+  47  42.5 

f-l'.M 

—0.02 

h        iii        s 

6   12  54 

+  47  43.5 

_ 

8.5-   10 

<11.5 

2266 

V  Monocerotis 

17  41 

—  2     8.7 

3.02 

0.03 

15  25 

—  2     7.6 

3.4 

6.9 

10. 7< 

2279 

T  Monocerotis 

19  49 

+   7     8.4 

3.24 

0.03 

17  24 

+    7     9.7 

2 

5..s-  6.4 

7.4-  8.2 

2362 

R  Monocerol  is 

83  42 

+  8  49.3 

3.28 

0.05 

31    15 

+   8  51.7 

0 

9.5 

13 

2375 

S  Monocerotis 

35  28 

+   9  59.3 

3.31 

0.05 

33     0 

+  10     1.5 

2 

4.9 

5.4 

2  1 78 

I;  Lyncis 

53     3 

+  55   28.1 

4.96 

0.08 

49  20 

+  55  31.6 

4.8 

7.8-  8.0 

<13 

2509 

T  ( reminorum 

6  58  11 

+  20  43.0 

3.56 

0.09 

55  30 

+  20  46.7 

2 

3.7 

4.5 

2528 

1;  i  reminorum 

7     1   20 

+  22  51.5 

3.62 

0.09 

6  58  37 

+  22  55.4 

5.7 

6.6-  7.8 

<13.5 

2539 

\l  Cams  minoria 

3   13 

+  10   10.9 

3.30 

0.09 

7     0  44 

+  10   14.9 

5.5 

7.2-  7.9 

9.5-10.0 

2583 

LjPuppis 

10  29 

—44   28.8 

1.82 

0.10 

9     7 

—44  24.2 

8 

3.5 

6.3 

2610 

R  Canis  Majoris 

14  56 

—16    12.4 

2.70 

0.11 

12  55 

—16     7.6 

0 

5.9 

6.7 

2625 

V  ( reminorum 

17  34 

+  13   17.0 

3.37 

0.11 

15     2 

+  13  21.9 

2.8 

8.2-  9.1 

12.0-14.0 

2676 

1 '  .Monocerotis 

26     1 

—  9  34.0 

2  86 

0.12 

23  53 

—  9  28.6 

3 

5.9-  7.3 

6.6-  8.0 

2684 

S  Canis  minoris 

27  18 

+   8  31.9 

3.26 

0.12 

24  51 

+   8  37.4 

4.1 

7.2-  8.0 

10.5-12.7 

2691 

T  Canis  minoris 

28  26 

+  11   57.5 

3.34 

0.12 

25  56 

+  12     3.0 

•> 

9.0-  9.7 

<13.5 

2735 

U  Canis  minoris 

35  55 

+   8  36.8 

3.26 

0.14 

33  28 

-1-   8  42.2 

5.1 

8.5-  9.0 

12.3-13.5 

2  742 

S  Geminorum 

37     3 

+  23  41.1 

3.61 

0.14 

34  20 

+  23  47.2 

3 

8.2-  8.7 

<13.5 

2780 

T  Genii  no  rum 

43   18 

+  23  59.0 

3.61 

0.15 

40  36 

+  24     5.5 

3.0 

8.1-  8.7 

<13.5 

2783 

S  Puppis 

43  50 

—47  51.9 

1.74 

0.15 

42  31 

—47  45.4 

- 

7.2 

9 

2815 

U  Geminorum 

49   10 

+  22  15.8 

3.56 

0.15 

46  30 

+  22  22.7 

0.0 

8.9-  9.7 

13.1 

2852 

V  Puppis 

55  22 

—48  58.4 

1.73 

0.16 

54     4 

—48  51.2 

- 

4.4 

5.2 

2857 

U  Puppis 

7  56     8 

—12  33.8 

2.81 

0.16 

7  54     2 

—12  26.6 

3.2 

8.5-  9.0 

<14 

2946 

R  Cancri 

8   11     3 

+  12     2.0 

3.32 

0.18 

8     8  34 

+  12  10.1 

5.3 

6.0-  8.3 

<11.7 

29  76 

V  Cancri 

16     1 

+  17  36.1 

3.43 

0.19 

13  27 

+  17  44.5 

4.3 

6.8-  7.7 

<12 

3060 

U  Cancri 

30     3 

+  19    14.4 

3.44 

0.20 

27  28 

+  19  23.5 

2.3 

8.4-10.6 

<14 

3109 

S  Cancri 

38  14 

+  19  23.6 

3.44 

0.21 

35  39 

+  19  33.2 

1 

8.2 

9.8 

3 1  28 

RPyxidis 

41   17 

—27   50.2 

2.53 

0.22 

39  23 

—27  40.5 

6 

8.5 

<11 

.".170 

S  Hydrae 

48  21 

+   3  26.7 

3.13 

0.22 

46     0 

+   3  36.S 

2.1 

7.5-  8.7 

<12.2 

3184 

T  Hydrae 

50  48 

—  8  45.6 

2.92 

0.23 

48  37 

—  8  35.4 

1.8 

7.0-  8.1 

<13 

3186 

T  Cancri 

8  50  57 

+  20   13.9 

3.43 

0.23 

8  48  23 

+  20  24.1 

7.4 

8.0-  8.5 

9.3-10.5 

3407 

S  Autliae 

9  27  56 

—28   11.2 

2.63 

0.26 

9  25  27 

—27  59.4 

0 

6.7 

7.3 

3409 

N  Velorum 

28  11 

—56  35.6 

1.83 

0.26 

26  49 

—56  23.8 

2 

3.4 

4.4 

3418 

R  Carinae 

29  44 

—62  20.8 

1.52 

0.26 

28  36 

—62     8.9 

5 

4.3-  5.7 

9.3-10.0 

3477 

R  Leouis  minoris 

39  35 

+  34  58. 3 

3.61 

0.27 

36  52 

+  35   10.6 

6.0 

6.1-7.8 

13 

3493 

II  Leouis 

42   11 

+  11   53.6 

3.23 

0.28 

39  45 

+  12     5.9 

6.9 

5.2-  6.7 

9.4-10.0 

3495 

/  Carinae 

42  30 

—62     2.8 

1.65 

0.28 

41    16 

—61   50.4 

- 

3.7 

5.2 

3567 

V  Leouis 

9  54  28 

+  21   44.5 

3.36 

0.29 

9  51   57 

+  21   57.3 

1.7 

8.6 

<13.5 

3633 

R  Autliae 

10     5  27 

—37   14.4 

2.59 

0.29 

10     3  30 

—37     1.2 

- 

6.5 

<8 

3637 

S  Carinae 

6   11 

—61     3.6 

1.92 

0.29 

4  45 

—60  50.4 

5 

6.0 

9.0-  9.2 

3712 

U  Leouis 

18  42 

+  14  30.6 

3.22 

0.30 

16   17 

+  14   44.1 

- 

9.5 

<13.5 

3796 

U  Hydrae 

32  37 

—12  51.9 

2.96 

0.31 

30  24 

—  12  38.1 

7 

4.5 

6.1-6.3 

3825 

R  Ursae  Majoris 

37  34 

+  69   18.0 

4.32 

0.31 

34    19 

+  69  32.1 

1.6 

6.0-  8.2 

13.2 

3847 

r  Carinae 

41    11 

—59     9.5 

2.32 

0.31 

39  27 

—  58  55.4 

5 

>1 

7.4 

3881 

V  Hydrae 

46  46 

—20  43.2 

2.91 

0.32 

11   34 

—20  28.8 

9 

6.7 

9.5 

3890 

W  Leouis 

48  21 

+  14   14.9 

3.18 

0.32 

45  58 

+  14  29.2 

3.5* 

9 

<!4 

3908 

T  Carinae 

51    18 

—59  54.2 

2.39 

0.32 

49  30 

—59  44.8 

- 

6.2 

6.9 

3934 

RCrateris 

10  55  38 

—17  47.3 

2.95 

0.32 

10  53  26 

—  17  32.8 

8.1 

>S 

<9 

3994 

S  Leouis 

11     5  41 

+   6     0.2 

3.11 

0.32 

11     3  21 

+   6   14.9 

0.0 

9.0-10.0 

<13 

4160 

T  Leouis 

33  19 

+   3  55.5 

3.08 

0.33 

31     0 

+   4   10.5 

- 

10? 

<13.5 

4300 

X  Virginia 

56  44 

+   9  .".7.7 

3.08 

0.33 

5  1   25 

+   9  52.7 

- 

8-10 

12 

4315 

R  Comae 

11   59     7 

+  19  20.3 

3.08 

0.33 

11   56  49 

+  19  35.4 

4.0 

7.4-  8.0 

<13.5 

4377 

T  Virginis 

12     9  29 

—  5  28.8 

+  3.08 

—0.33 

12     7   10 

—  5   13.8 

4.1 

8.0-  8.8 

10-<13.5 

N°-  300. 
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No. 


2258 
2266 
2279 

2362 
237o 
2478 

2509 
2528 
2539 
2583 
2610 

2625 

2676 
2684 
2691 

27:'..") 

274  2 
27m  i 
2783 
2815 
2852 

2857 
2946 
2976 

3oi;d 
3109 

8128 
3170 

3 !  8  4 
3186 
3407 

3409 

3  1 1 8 
3477 
3493 
3495 

3567 
3f.:;:; 
3637 
3712 
3796 

3825 
3.S  I  7 
3881 
3890 
3908 

3934 
3994 
4160 
4300 
4315 
4::77 


M —  in 


7.!):; 

1.84 
143: 

5.015 
121 
135 
60 


134 

18.0 
164 

175 

127: 


125 
102 


153 

170 

144 

15 


86 


107 


125: 


Elements  of  Maximum,  Greenwich  M.T. 
Epoch  (Cal.)      (Julian)  Period  Inequalities 


Remarks 


1886  Dec.  9=2410250 
1883  Feb.  14  2408843 
1885  Apr.    1     240  9633.81 


1870  Jan.  31 
1874  Sept.  15 


2404094.83 

240  5782 


+  315       E      Elements  very  uncertain 
+  333.5    E 
+   27.0037  E 

.    .    .  Irregular 

+     3.44305    Winnecke's  elements ;  doubtful 
+  380.0   E 


1888  Jan.     3     2410640.603+    10.15382E     See  notes 

1868  Feb.  24     2403387.0     +370.2    E      Periodic  inequality 

1859  Feb.  28     2400104.5    +336.5   E      Periodic  inequality 

1872Mar.28     2104881.0     +136.50E 

Mm.  1887  Mar.  26d  15h  18m  +1"  3h  15'"  46s. 0E    Algol-type 


1880  Feb.  1 
1873  Apr.  19 
1863  May  3 
1870  Mar.  16 

1880  Feb.  14 

L852  Feb.  27 
1848  Dec.    7 


240  7747 

240  5268 
240 1 629 
240  4138 
240  7760 

239  7546 

239  6369.5 


+  277.0    E 

+   45.20 E      See  notes 

+  330.3    E  +20sin(12°E  +  30°) 

+  322.7    E      Periodic  inequality  ? 

+  410       E 


+  294 

f  288.1 


l892Dec.  15     2412448        +86.3E      Irregularly  periodic 


1881  Mar.  8 

1852  Apr.  21 
1871  May  20 

1853  Apr.  6 


240  8148 

239  7600.1 

240  4568 
239  7950 


+  3  1  5       E 

+  352.81  E  +0.207E- 
+  271.9    E 
+307.5E  —  0.06  E2 


Min.  L867Aug.31d  14"  2m.89  +  9'' 11"  37'"  45BE    Schonfeld's  el.  Algol-type 


1857  Feb.  13     2899359  +257.0   E      Periodic  inequality 

1858  Feb.  23     2399734.5  +289.4    E      Schonfeld's  elements 
MiN.1858Jan.26  2399706  +482       E 

Min.  1888  Apr. 13d  12»38'".0  +  0J  7h  46m  48>.0  E     Algol-type 

....         Period  short 

1871Julv  31     2404640  +311.5    E      Periodic  inequality 

1865  Mar.  12     2402308.0  +370.5    E  +20  siu(10°E  +  300°) 

1757  Apr.  21     2362902.0  +312. 90E  +25  sinC2°.75E  +  318°) 

1871  July  24     2404633.0  +35.05   E 

1882  Apr.  10     2408546  +274       E      Parkhurst's  elements 

l872May     8     2404922  +148.7   E 

....        Variability  doubtful 

....        Irregularly  periodic? 

• 

1853Apr.    7     2397951.2  +302.1    E  + 15  sin(10°E  + 190°) 
....         Irregular 

1873  Mar.  15     240, ".233  +575       E      Elements  very  uncertain 

1872  Feb.  12     2404836  +394.3    E      Parkhurst's  elements 

....        Variability  not  certain 

1860  Dec.     1     2400746.0  +  190.0   E  +  25  siu(10°E  +  60°) 
....        Variability  not  certain 

1856  Dec.  18     239  9302  +361*    E 

1861  Apr.  26=240  0891  +339.5    E 


M 


20 

15 

6 


10 

16 
9 
6 

18 
16 


0 

18 

10 
14 


16 
18 


16 
18 
46 
24 

6 

4 


38 

5 

6 


Basis  of  Elements 

Dates  included 


7 

2 

2 

23 

2 

2 
6 


9 

15  + 


10 

3 

15 

7 


15 

3 


1886,  91,  92 
1853,  83-93 


1874,  84-92 


1796,  1855-92 
1859-74,  83-93 
1872-74,  86,  91 
1887-93 

1857,  80-92 

1856-92 
1854,  70-93 
1880-93 

1848-73,  86-93 
1848-74,  86-93 


1881-83,  93 

1830,  52-85 
1871-89 
1853-59,  69-93 


1852-86 
1851-73,  84.  92 
1858-75,  84,  87 
1888-93 


1752,  1867-92 

1796,  1865-87 
1757-1890 
1871-74,  91,  92 

1855,  56,  82-91 

1872-80,  91 


1843-92 

1873-93 
1872-91 


1859-93 


1831,  56,  83-91 
1861-75,  84,88 
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N°-  300 

No. 

Star 

1900.0 

1900 

1855.0 

Red- 

Magnitude 

R.A. 

Decl. 

Annual  Variation 

R.A.        |        Decl. 

ness 

Max. 

Min. 

4407 

K  Corvi 

Jl              III            » 

12   14   27 

—18  42.0 

+  3.'l0 

—0.33 

h        in        ■ 

12   12     8 

—18  26.9 

3.7 

6.8-  7.7 

<11.5 

4492 

Y  Virginia 

28    44 

—  3  52.3 

3.08 

0.33 

26  25 

—  3  37.3 

3.6 

8   -  9.4 

11.5-13 

loll 

T  Ursae  Majoris 

31  50 

+  60     2.3 

2.75 

0.33 

29  47 

+  60   17.2 

2.0 

6.0-  8.5 

12.2-13.0 

4521 

R  Virginia 

33  26 

+    7  32.3 

3.05 

0.33 

319        -   7  47.2 

1.3 

6.5-  8.0 

9.7-11.0 

4536 

R  Muscae 

35  58 

—68  51.5 

3.61 

0.33 

33   17 

—68  36.7 

6.6 

7.4 

4557 

S  Ursae  Majoris 

39  34 

+  61   38. 4 

2.63 

0.33 

37  35      +61   53.3 

3.2 

6.7-  8.2 

10.2-11.5 

4596 

U  Virginis 

12  46      1 

+   6     5.8 

3.04 

0.33 

12  43  45 

+   6  20.6 

1.1 

7.7-  8.1 

12.2-12.8 

1 7;;  i 

S  Canum  Venat. 

13     8  31 

+  37  54.5 

2.77 

0.32 

13     (I   24 

+  38     8.9 

6.3* 

7.3 

9 

481).-. 

W  Virginis 

20  52 

—  2  51.5 

3.09 

0.31 

18  33 

—  2  37.4 

0.4 

8.7-  9.2 

9.8-10.4 

4816 

V  Yirgiuis 

22  38 

—   2  39.2 

3.09 

0.31 

20  19     —  2  25.2 

2.7 

8.0-  9.0 

<13 

1826 

R  Hvdrae 

24    15 

—22  45.9 

3.27 

0.31 

21   48 

—22  31.8 

5.9 

3.5-  5.5 

9.7 

4847 

s  Virginis 

27  47 

—    6  40.8 

3.13 

0.31 

25  26 

—  6  26.8 

2.6 

5.7-  7.8 

12.5 

4940 

W  Hvdrae 

43  23 

—27  52.0 

3.38 

0.30 

40  51 

—27  38.5 

7 

6.7 

8.0 

4948 

R  Cauum  Venat. 

44   39 

+  40     2.4 

2.58 

0.30 

42   43 

+  40   15.9 



6.7-  7.0 

11.5 

5037 

RK  Virginis 

13  59  35 

—  8  43.1 

3.17 

0.29 

13  57   12 

—  8  30.0 

_ 

>11 

<14 

5070 

Z  Virginis 

14     4  58 

—  12   49.8 

3.23 

0.29 

14     2  33 

—  12  36.5 

- 

9.5-11 

<14 

5095 

R  Centauri 

9   22 

—59   26.9 

4.28 

0.28 

6   10 

—59   14.1 

6 

6.0-  6.3 

8.7-  9.8 

5097 

T  Bootis 

9  25 

+  19  32.0 

2.82 

0.28 

7    18 

+  19  44.7 

_ 

9.7? 

<13 

5156 

XBootis 

19  27 

+  16  46.4 

2.84 

0.27 

17   19 

+  16  58.8 

4 

9.0-  9.4 

10.2 

o  1 5  7 

S  Bootis 

19  32 

+  o4  15.9 

+  2.01 

0.27 

18     1 

+  54  28.3 

2.8 

7.7-  8.5 

12.5-13.2 

5190 

R  Camelopardalis 

25     6 

+  84    17.1 

—4.83 

0.27 

28  54 

+  84  29.2 

2.1 

7.2-  8.6 

11.8-13.5 

5194 

V  Bootis 

25  42 

+  39    18.5 

+  2.42 

0.27 

23  54 

+  39  30.4 

3.6 

6.9-  7.3 

9.2-10.5 

5237 

R  Bootis 

32  47 

+  27   10.2 

2.65 

0.26 

30  48 

+  27  22.1 

2.7 

5.9-  7.8 

11.3-12.2 

5249 

V  Librae 

34  48 

—  17  13.6 

3.33 

0.26 

32  18 

—17     1.8 



9.3 

12.2 

5274 

W  Bootis 

39     2 

+  26  57.2 

2.64 

0.26 

37     3 

+  27     8.9 

_ 

5.2 

6.1 

5319 

R  Apodis 

46   28 

—76  15.3 

6.70 

0.26 

41   30 

—76     4.0 

- 

5.5 

6.2 

5338 

U  Bootis 

49  42 

+  18     6.0 

2.78 

0.25 

47  37 

+  18   17.1 

2.7 

9.1-  9.3 

12-13.6 

5374 

8  Librae 

14  55  38 

—  8     7.3 

3.20 

0.24 

53   14 

—  7  56.4 

1 

5.0 

6.2 

5402 

T  Triang.Austr. 

15     0  24 

—68  20.1 

5.46 

0.24 

14  56  20 

—68     9.4 

_ 

6.9 

7.4 

5430 

T  Librae 

5     2 

—  19  38.3 

3.42 

0.23 

15     2  28 

—19  27.8 

_ 

9.2-10.2 

<14.7 

5438 

Y  Librae 

6  24 

—  5  38.0 

3.17 

0.23 

4     2 

—  5  27.6 

- 

8.5 

V 

5465 

R  Triang.Austr. 

10  49 

—66     7.7 

5.31 

0.22 

6  52 

— 65  57.5 

6.6-  6.8 

7.5-  8.0 

5484 

U  Coronae 

14     7 

+  32     0.8 

2.45 

0.22 

12   17 

+  32  10.8 

0.0 

7.5 

8.9 

5494 

S  Librae 

15  39 

—20     1.6 

3.44 

0.22 

13     4 

—19  51.7 

3.0 

7.6-  8.3 

<13 

5501 

S  Serpentis 

16  59 

+  14   40.4 

2.81 

0.22 

14  52 

+  14  50.3 

4.1 

7.6-  8.7 

12.5? 

5504 

S  Coronae 

17   19 

+  31   43.6 

2.45 

0.22 

15  29 

+  31   53.5 

4.9 

6.1-  7.8 

11.9-12.5 

5583 

X  Librae 

30  26 

—20  50.0 

3.48 

0.20 

27  50 

—20  40.8 

9.5-  9.9 

14 

5593 

W  Librae 

32   12 

—15  50.6 

3.37 

0.20 

29  40 

—  15  41.5 

_ 

9.8 

<14 

5617 

U  Librae 

36   13 

—20  51.5 

3.48 

0.20 

33  37 

—20  42.6 

3.4 

9 

<14 

5644 

Z  Librae 

40  42 

—  20  48.8 

3.49 

0.19 

38     5 

—20  40.1 

_ 

11 

<13 

5667 

R  Coronae 

44  27 

+  28  27.8 

2.47 

0.19 

42  36 

+  28  36.3 

0.5 

5.8 

13.0 

5675 

V  Coronae 

45  57 

+  39  52.3 

2.14 

0.18 

44  21 

+  40     0.7 

5.9 

7.2-  7.7 

10.3-12.0 

5677 

R  Serpentis 

46     5 

+  15  26.3 

2.76 

0.18 

44      1 

+  15   34.6 

3.7 

5.6-  7.6 

IS 

5682 

R  Lupi 

46  59 

—35  59.9 

3.88 

0.18 

44     5 

—35  51.6 

_ 

9 

<11 

5688 

R  Librae 

47  56 

—15  56.3 

3.39 

0.18 

45  24 

—15  48.1 

2 

9.2-10.0 

<13 

5704 

RR  Librae 

50  39 

—18     0.7 

3.44 

0.18 

48     4 

—  17  52.6 

3 

8.4 

14 

5713 

S  Triang.Austr. 

52   12 

—63  29.5 

5.35 

0.18 

48  12 

—63  21.4 

_ 

6.5 

7.5 

5732 

T  Coronae 

55   19 

+  26   12.2 

2.51 

0.17 

53  26 

+  26  20.1 

1 

2.0 

9.5 

5758 

XHereulis 

15  59  39 

+  47  30.8 

1.81 

0.17 

58   18 

+  47  38.4 

7 

6.0 

7.2 

5761 

Z  Scorpii 

16     0     8 

—21   27.7 

3.53 

0.17 

57  29 

—21   20.1 

— 

9 

12? 

5770 

R  Herculis 

1  44 

+  18  38.4 

2.68 

0.16 

15  59  43 

+  18  45.9 

2.0 

8.0-  9.2 

<13 

5776 

X  Scorpii 

16     2  40 

—21   15.6 

+  3.53 

—0.16 

16     0     2 

—21     8.3 

- 

>11 

<13 

N°-300. 
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No. 

Elements  of  Maximum,  Greenwich  M.T. 

Basis  of  Elements 

M —  m 

Epoch  (Cal.) 

(Julian) 

Period          Inequalities             Hemarks 

M 

m 

Dates  included 

4407 

1868  June  11  = 

=2403495.8 

d 

+  317.2   E      Periodic  inequality  ? 

12 

1796,  1851-90 

4492 

85: 

1883  Mar.  10 

2408880 

+  218.8   E 

4 

2 

1882-93 

4511 

107.5 

1860  Oct.  21 

2400705.8 

+  257.2   E  +20sin(9°E+90°) 

35 

13 

1843,  60-93 

1  .  .  •_'  1 

68.5 

1809  June    0 

2381934.8 

+145. 47E  +20  sin(t°E+2160)  +  4.8sin(¥'>+3430) 

87 

28 

1809-91 

1536 

0.295 

1871  Aug.  16 

240  4656.65 

6+      0.882253  E 

19 

15 

1871-92 

4557 

113.0 

1860  June  24 

240  0586.0 

+  226.1    E  +  13sin(5°.76E+181°.5) 

54 

32 

1790,  1843-92 

4596 

88 

1866  June  25 

240  2778.0 

+  207.0  E      Periodic  inequality 

20 

7 

1813-31,  57-93 

4  731 

4805 

8.20 

1866  Apr.  16 

240  2708.2666  +17.271  IE 

41 

45 

1866-72,  89-92 

4816 

_ 

1860  Feb.  15 

2400456.5 

+  250.5   E 

15 

1857-75,  83-92 

lNl'f, 

190 

1891  July  17 

241  1931.0 

+  425.15E  — 0.36E-+15sin(7°.5E  +  202°) 

24 

G 

1781-1890 

4847 

157: 

1852  Jan.  24 

240  7512 

+  376.4   E  +20sin(7°.5E+1800) 

17 

2 

1795,  1824-93 

4940 

_ 

1889  Feb.  2  7 

241 1061 

+  384       E 

5 

1875,  89-93 

41148 

_ 

1888  Mar.  25 

2410722 

+  340       E 

6 

1858,  85-91 

5037 

_ 

1879  May  13 

240  7183 

+  217       E 

8 

1873,  79-92 

5070 

- 

1880  May  25 

240  7861 

+  305      E 

7 

- 

1855,  80-91 

5095 

60: 

1871  May  25 

240  4573 

+  160.5   E 

8 

3 

1871-78,91,  92 

5097 

....         Only  one  appearance  known 
+  121.5   E 

5156 

79 

1880  July    3 

240  7900 

7 

7 

1880-84,  88-92 

5157 

130 

1863  Apr.  13 

2401609.0 

+  274.0   E  — 0.073E2 

32 

6 

1790.  1865-92 

5190 

135 

1869  Aug. 29 

2403939 

+  269.5  E      Periodic  inequality 

31 

7 

1862-92 

5194 

97 

1884  Aug.  30 

2409419 

+  256      E      DuneVs  elements 

4 

3 

1884-92 

5237 

101.5 

1858  June    8 

239  9839 

+  223.4   E  +10sin(10°E+80°) 

31 

17 

1858-90 

5249 

_ 

1882  Apr.  30 

2408566 

+  370      E 

3 

1 880-89 

5274 

.    .    .    .        Irregular 

5319 
5338 

80 

+  173.8  E 

11 

5 

1857,  80-93 

1880  Mar.  25 

240  7800.5 

5374 

_ 

Min.  1867  Oct 

.  25d9,'17'".5 

+  2d7"51m22B.8E      Algol-type 

_ 

93 

1797,  1837-88 

5402 
5430 

105 

0.98 
+  238       E 

5 

3 

1878-92 

1878  Apr.  30 

2407105 

5438 

- 

1861  June  22 

240  0949 

+  327       E 

4 

- 

1861,  78,  87,  88 

5465 

0.83 

1871  Julv  14 

240  4623.71 

+     3.38922  E 

3 

3 

1871,  72,  91 

5484 

_ 

Mix.  1870  Ma 

•.25"  10"  38" 

.5  +3'1  10"  51'"  12ME  -06.0018E2    Algol-type 

_ 

37 

1858-89 

5494 

100: 

1874  June  17 

2405692 

+  192.3  E 

9 

1 

1874-93 

550] 

_ 

1828  Apr.  16 

2388829 

+  365.1    E  +59sin(6°E  +  8°) 

30 

1794,  1828-92 

5504 

116 

1860  Aug.  24 

2400647 

+  360.8  E 

28 

10 

1860-92 

5583 

80 

1878  Julv  17 

2407183 

+  163.6   E 

13 

1 

1878-93 

5593 

_ 

1878  May   27 

240  7132 

+  206       E 

9 

1878-92 

5617 

_ 

1873  July  23 

240  5363 

+  226.2  E      Periodic  inequality  ? 

11 

1849,  73-93 

5644 

_ 

1878  May     I 

240  7109 

+  295      E 

4 

18  78-86 

5667 

....         Irregular 

5675 

171 

1878  Oct.  21 

2  10  7279 

+  356.5   E 

13 

4 

1857-61,  78   9 

5677 

151 

1827  May   1  1 

238  84  91 

+  357,2   E  +35sin(4°.5E  +  22°.5) 

30 

5 

1783,  1827-90 

56S2 

.-i  Css 

- 

+  730       E 

4 

- 

1858-68.  84 

1858  Apr.     6 

239  9776 

5704 

- 

1885  June  17 

240  9710 

+  277.0   E 

5 

- 

1851,  85-91 

5713 

5732 

- 

6.3 
....         New  star  of  1866 

- 

- 

5758 

5761 

- 

+368       E 

9 

- 

1854,  73-92 

1873  Mav  31 

2  lo  5306 

5770 

_ 

1865  Julv  18 

2402436 

+  317.7   E    h20sin(  12°E  +  324°) 

21 

_ 

1825,  56-92 

5  77(1 

- 

1876  Apr.  19: 

=210  0634 

+  199.0   E 

9 

- 

1876-91 

:i,s 
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No. 


5795 

5826 
5830 
5831 

5856 
5860 

5887 
5889 
5903 
5912 
5928 

5931 
5948 
5950 
5952 
5955 

6005 
6044 
6083 
6132 
6181 

6189 
6202 
6268 
6368 
6404 

6472 
6512 
6573 
6624 
6636 

6682 
6726 
6733 
6758 
6760 

6794 
6806 
6811 
6812 
6834 

6849 
6903 
6905 
6921 
6923 

6984 
7045 

7085 
7101 
7106 
7120 


Star 


W  Scorpii 
T  Scorpii 
l;  Scorpii 
s  Scorpii 
W  Ophiuchi 
U  Scorpii 

Y  Ophiuchi 
r  I  [erculis 

Y  Scorpii 
[i  Herculis 
T  Ophiuchi 

S  Opliinclii 

R Ursae  miuoiis 

W  Herculis 

Y  Herculis 
R  Draconis 

S  Dracouis 
S  Herculis 
Ophiuchi 
R  Ophiuchi 
a  Herculis 

D  Ophiuchi 
u  Herculis 

Serpeutarii 
X  Sagittarii 

Y  Ophiuchi 

W  Sagittarii 
T  Herculis 

Y  Sagittarii 
T  Serpeutis 
U  Sagittarii 

X  Ophiuchi 
T  Aquilae 
B  Scuti 
(i  Lyrae 
k  Pavonis 

R  Lyrae 

S  Coronae  austr. 
R  Coronae  austr. 
T  Corouae  austr. 

Y  Aquilae 

R  Aquilae 
T  Sagittarii 
R  Sagittarii 
S  Sagittarii 
Z  Sagittarii 

U  Aquilae 

RCygui 

RTCygni 

1 1  Vulpeculae 
S  Vulpeculae 
y Cygni 


10000 


R.A. 


16 


o 
11 
11 

11 
16 
16 

21 

21 


oo 
5 

41 

42 

2 

45 

10 

22 


23  49 
25  21 

28     1 


28  30 
■    31   18 

31  41 

32  0 
32  23 

40  46 
47  21 

16  53  54 

17  2     1 

10  5 

11  27 
13  38 
24  38 

41  16 
47  17 

17  58  38 

18  5   19 


Decl. 


—19 
—22 
—22 

—22 

—  7 
—17 

—12 

+  19 

—  19 
+  42 

—  15 

—16 

+  72 
+  37 
+  7 
+  66 

+  55 
+  15 
—12 
—15 
+  14 

+  1 
+  33 
—21 

—  6 


52.6 
43.6 
41.9 
39.0 
27.5 
38.5 

12.0 
7.2 

13.3 
6.1 

55.2 

57.0 

28 

32.4 

18.6 

57.8 

7.2 

6.6 

44.4 

57.6 

30.2 

19.3 
12.3 
23.7 
47.6 
7.1 


15 

30 

23 

56 

26 

0 

33 

35 

40 

56 

42 

9 

46 

23 

46 

38 

52 

17 

54 

26 

55 

9 

55 

14 

18  59 

4 

19  1 

33 

10 

28 

10 

49 

13 

35 

13 

47 

23 

58 

34 

8 

40 

50 

43 

28 

44 

18 

19  46 

44 

—29  35.1 

+  31  0.2 

—18  54.3 

+   6  14.0 

—19  11.7 

+   8  44.4 

+  8  38.3 

—  5  48.7 

+  33  14.8 

—67  21.5 


+  43 
—37 
—37 
—37 


+   8 

—  17 
—19 
—19 
—21 

—  7 
+  49 
+  48 
+  27 
+  27 
+  32 


48.8 
5.3 
5.6 
6.4 

50.0 

4.8 

8.7 

29.0 

12.4 

6.6 

15.0 

58.5 

31.9 

4.2 

2.3 

39.7 


1000 
Annual  Variation 


+  3.50 
3.57 
3.57 
3.57 
3.23 
3.46 

3.33 
2.65 
3.50 
1.97 
3.42 

+  3.45 

—0.84 

+  2.13 

2.91 

0.14 

1.27 
2.73 
3.36 
3.44 
2.73 

3.04 
2.21 
3.59 
3.77 
3.22 

3.83 
2.27 
3.53 
2.93 
3.54 

2.87 
2.87 
3.21 
2.21 
6.21 

1.82 
4.06 
4.06 
4.06 
3.21 

2.89 
3.47 
3.52 
3.51 
3.56 

3.23 
1.61 
1.70 
2.46 
2.46 
+  2.31 


—0.16 

0.15 
0.15 
0.15 
0.15 
0.15 

0.14 
0.14 
0.14 
0.13 
0.13 

0.13 
.  0.13 
0.13 
0.13 
0.12 

0.11 
0.10 
0.10 
0.08 
0.07 

0.07 
0.07 
0.05 
0.03 
—0.02 

0.00 
+  0.01 
0.02 
0.03 
0.04 

0.05 
0.06 
0.06 
0.07 
0.07 

0.08 
0.08 
0.08 
0.08 
0.09 

0.(19 
0.10 
0.10 
0.11 
0.11 

0.12 
0.13 
0.14 
0.15 
0.15 
+  0.15 


1855.0 


R.A. 


16 


3   18 

8  25 

9  1 
9     2 

13  36 

14  10 

18  40 

19  23 
21  12 
23  53 
25  27 

25  55 

31  57 
30  5 
29  50 

32  17 


39  49 
45  18 
51  23 

16  59  27 

17  8     2 

9  11 
11  58 
21  57 
38  26 
44  52 


17 
18 


45 
37 
51 
44 
21 


31  26 

38  47 

39  45 
44  44 
41   58 

50  55 

51  22 

52  8 
52  12 
56  40 


19 


23 
52 

11 
57 

7 

33 

56 
39  33 

41  37 

42  27 
45     0 


59 

7 

8 

10 

11 

21 
32 


Decl. 


—  19  45.3 
—22  36.7 
—22  35.0 
—22  32.0 

—  7  21.3 
—17  1.9 


—  12 
+  19 

—  19 


0.0 

13.6 

7.1 


+  42  12.2 

—  15  49.2 

—16  51.1 

+  72  34.4 

+  37  38.1 

+    7  23.3 

+  67  3.5 

+  55  11.8 

+  15  11.4 

—  12  40.0 

—  15  53.7 
+  14  33.5 

+    1  22.6 

+  33  15.5 

—21  21.2 

—27  46.2 

—  6  6.2 


Red- 
ness 


—29 
+  30 
—18 
+  6 
—19 


34.9 
59.9 
55.2 
12.5 
13.3 


+   8  42.3 

+   8  35.7 

—  5  51 .4 
+  33  11.8 
—67  24.4 

+  43  45.5 

—37  8.6 

—37  8.8 

—37  9 

—  5  53.7 


+   8 

—  17 

—  19 

—  19 
—21 


0.8 
13.2 
33.5 
17.1 
11.2 


—  7  20.3 
+49  52.5 

+  48  25.5 
+  26  57.7 
+  26  55.7 
+  32   33.0 


0.9 

0 
6 


6.6 
6.5 


1 

3.2 
3.2 

2.0 


5.6 

5 
4.5 

5 

0 

4 


1 

1.4 
0 

2.0 
3.7 

5 

3.3 
4 
1 


Magnitude 


Max. 


6.3s 

5.5 
6.5 
3.6 

0 

2 

0 
6.0 


3.0 
6.5 


10-11.2 

7.0 

9.4-10.5 

9.1-10.5 

8.9-  9.5 

9? 

7.0-  7.5 

6.6-  7.8 
10? 

4.7-  5.5 
10 

8.3-  9.0 

8.6-  9.0 
8.0-  8.4 

6.9 

6.5-  8.7 

7.3 

5.9-  7.5 

5.5 

7.0-  8.1 
3.1 

6.0 
4.6 
>1 
4 
6.2 

4.8 
6.9-  8.5 

5.8 
9.1-10.5 

7.0 

6.8 
8.8 

4.7-  5.7 
3.4 
4.0 

4.0 

<9.5 

9.8-11.5 

<9.8 

6.5 

5.9-  7.4 

7.6-  8.1 

7.0-  8.0 

9.1-10.4 

8.5 

6.4 
5.9-  8.0 

7? 

3 
8.4-  8.9 
4.0-  6.5 


Min. 


<14.7 

<12 
<13 
<13 
<13.5 
<12 

9.6-10.5 
11.4-12.7 

14 

5.4-  6.0 

<12.5 

<13 

10.5 
11.5-14 
8.0  • 
12-13 

9.2 

11.5-13 

12.5 

<12 

3.9 

6.7 
5.4 

v 

6 

7.0 

5.8 
9.8-12.7 

6.6 

<13.5 

8.3 

9.0 
10.0 
6.0-  9.0 
4.5 
5.5 

4.7 
13.0 
13.2 

13 
8.0 

10.9-11.5 
<11 
12.5 
14.5 
<12 

7.1 

<14 

11? 

p 

9.0-10.0 
13.5 


N°-  300. 


THE     ASTRONOMICAL     JOURNAL. 


99 


No. 

it  —  m 

Elements  of  Maximum,  Greenwich  M.T. 
Epoch  (Cal.)      (Julian)                 Period          Inequalities              Remarks 

M 

Basis 

171 

of  Elements 

Date?  included 

5795 
5826 
5830 
5831 
5856 
5860 

.-.*■>  7 
5889 
5903 
5912 
5928 

5931 
5948 

.V.i.jii 
5952 
5955 

6005 
6044 
6083 
6132 
6181 

6189 
6202 
6268 
6368 
G404 

6472 
6512 
6573 
6624 
6636 

6682 
6726 
6733 
6758 
6760 

6794 
6806 
6811 
6812 
683  1 

6849 
6908 

i;:mi.-, 
6921 
6923 

Ii!is4 
7045 
7085 
71H1 
7106 
7120 

146: 

167 

125 
112 

148 

2.876 
6.250 

3.00 

78.0 
1.80 

2.97 
196 
35 

4.0 
15.0 

144 

158: 
110:: 

2.25 
150 

26.5 
171.5 

1876  May  26= 

=2406401 

+  222*3  E 

....         New  star  of  1S60  in  Messier  80 
+  224.5   E      Periodic  inequality 
+  176.7   E 
+  331.3   E 

....         Only  one  appearance  known 

+  304       E 

+  409       E      Periodic  inequality ? 

+  359       E 

+  361       E 

+  233.8   E 

....         Irregularly  periodic 
+  280.0   E +25sin(15°E+330°) 

20.5 
+  245.6   E 

+  307.6   E  +45  sin(10°E  +  90°) 

....         New  star  of  1848 
+  302.9   E 

....         Irregular 

)+20"  7n,42s.56E  +80m  sin(0°.0225E+140°.0) 

....         Irregularly  periodic 

....         New  star  of  1604 
+     7.01185E 
+    17.12564E     Sawyer's  elements 

+      7.59460E 

+  164.85        E +8sin(7°E  +  59°) 

+     5.7732   E 

+  342.3   E 

+      6.7446E 

+  354       E 

.    .    .    .         Irregular 
+    71.1    E 

+  12d21h46m5Ss.3E  +  0B.4217E'2  —  0.00007E3 
+     9.102  E 

+   46.0  E 

30.6  ' 

+  351.0E  —  0.34  E2 

+  384  E 

+  2G8.7  E  +20sin(14°.4  E+296") 

+  230.6  E      Periodic  inequality 

6+     7.02645E    Yendell's  elements 

+  425.7  E 

....         New  star  of  1670 
+   67.50E  +4sin(3°.6E  +  20°) 
+  406.02  E  +0.0075E-  +  25  sin(5°E-»-272°) 

11 

22 

23 
5 

8 

16 

3 

5 

7 

12 
17 

21 
9 

388 
25 

37 
15 

3 
5 

16 

6 
14 

10 

45 
25 

48 
85 

2 

6 

4 
3 

9 

98 

367 
26 

28 

4 
3 

5 

1 
1 

22 

7 

44 
8 

1876-92 

1837-53,  63-91 

1837,  39,  54-83 

.  - 1 -93 

1874-92 
1860-85,  93 
1876.  .so,  83 

1860,  69-74,  83 

1857-71,  89-93 

1857,  79-92 

1790,  1858-92 

1840-90 
1847,  57-90 

1863,  71,  81-92 

1866-88 
1882,  86-91 

1856-92 

1861-74,  83-89 

1854,  86-92 
1871-73,  83,  91 

1854-59,  69-92 
18G5-70,  83 
1849,  58-92 
1863-71,  83-92 

1886-92 
1817,  52-92 

1836,  37,  62 
1687-1891 

1863  Mar.  25 
1837  June    1 
1881  July  10 

240  1590.5 
239  2162.4 
2408272 

1874  May  16 
1860  Nov.   8 
L876  June  26 

240  5660 
240  0723 
240  6432 

1860  Apr.    6 
L857June  29 

240  0507 
239  9495 

1879  July  12 

240  7543 

1877  Apr.    5 

240  6715.8 

1856  Sept.  9 

239  9202 

1857  July  11 

239  9567 

Min.  1881  July  17d  14"  45m.( 

1870  Aug.  16 
1882  Sept.  4 

1866  Sept.  4 
1868  Mar.   9 
1886  Sept.  25 
1861  May  11 
1870  July     1 

1886  Apr.  15 

240  4291.78 
240  8693.43 

240  2849.45 

2403401.0 

2410175.02 

240  0907.0 
2404245.00 

241  0012 

1886  Aug.  22 
Mix. 1855  Jan 
1871  Dec.    3 

1887  Oct.  16 

2410141 
.6"  14h28ra.7 
24047G5 

241  0561 

1 856  Aug.   5 
1866  Sept.  10 
1866  July  18 
1866  Sept.  25 

9167 

2  in  2855 
24H2801 
2402870 

1886  Sept.  20 
1854  Oct.  16 

241  0170.14 
239  8508.9 

1865  Jan.    2 
1763  June    3= 

2402239.0 

=2365136.5 

100 
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N°-  300. 


No. 


7 1 24 
7149 
7192 
7220 
7234 
7242 

7252 
7257 
7259 
7261 
7285 

7299 
7428 
7431 
7437 

7  11-1 


Star 


7483 

74  ss 
7560 
7571 
7577 

7609 
7659 
7733 
7754 

777'.) 

7783' 
7787 

7  7!).") 
7803 
7907 

7909 
794  1 
799-1 

sues 

8073 

8093 
8153 
8230 
8273 

8290 

8373 
8512 
8588 
8591 
8597 


it  Aquilae 
s  Sagil  tae 
/.  Cygni 
s  Cygni 
R  Capricorni 
s  Aquilae 

W  Capricorni 
i;  Sagittae 
RS  Cygni 
R  Delphini 
P  Cygni 

1   Cygni 
V  Cygni 
S  Delphini 
X  Cygni 
T  Delphini 


7446  UDelphini 

7455  U  Capricorni 

7156  RRCygni 

7459  T  Cygni 

7468  TAquarii 


1900.0 


R.A. 


T  Vulpeculae 

V  Cygni 

R  Vulpeculae 

V  Capricorni 

X  Capricorni 

T  Cephei 
T  Capricorni 

V  Capricorni 
W  Cygni 

S  Cephei 

RU  Cygni 
Q  Cygni 
RV  Cygni 
H  Cephei 
U  Aquarii 

S  Piscis  austrini 
T  Pegasi 
R  Piscis  austrini 
S  Lacertae 
tS  Cephei 

R  Indi 

R  Lacertae 
S  Aquarii 
..'  Pegasi 
I{  Pegasi 

S  Pegasi 
R  Aquaiii 
R  Phoenicis 

V  Cephei 

V  Ceti 


19   17  23 

51  29 

19  58  38 

•20     3  24 

5  42 

7  1 

8  36 

9  30 
9  45 

10     5 
14     6 

16  30 
38     5 

38  28 

39  29 

40  43 


Decl. 


S600  i  RCassiopeae 


+   0  I  1.9 

+  16  22.2 

4-49  45.9 

+  57  41.9 

—  14  33.8 

+  15  19.4 


—22 
+  16 

+  38 
+  8 
+  37 

+  47 
+  47 
+  16 
+  35 
+  16 


16.8 
25.4 
27.8 

47.1 
43.8 

34.7 
47.1 
43.7 
13.6 

2.1 


1900 
Animal  Variation 


40 

53 

42 

34 

42 

37 

43 

11 

44 

40 

47 

13 

48 

4 

20 

59 

56 

21 

1 

47 

2 

50 

8 

13 

16 

30 

28 

55 

32 

14 

36 

28 

37 

19 

37 

47 

39 

8 

40 

27 

57 

52 

21 

58 

2 

22 

4 

1 

12 

19 

24 

38 

25 

27 

28 

53 

38 

50 

51 

45 

22 

58 

55 

23 

1 

38 

15 

29 

38 

39 

51 

16 

51 

44 

52 

47 

23 

53 

19 

+  17  43.7 

—  15  9.1 
+  44  30.2 
+  34     0.4 

—  5  31.1 


+  27 
+34 
+  23 
—24 

—21 

+  68 

—  15 

—  14 
+  44 
+  78 


52.5 
17.0 
25.5 
19.3 
45.1 

5.0 
35.0 
25.1 
55.6 
10.3 


+  53  52.2 

+  42  23.1 

+  37  33.6 

+  58  19.3 

—17  6.5 

—28  32.0 

+  12  3.0 

—30  6.2 

+  39  48.2 

+  57  54.2 

—67  48.3 

+  41  50.9 

—20  52.6 

+  27  32.4 

+  10  0.2 

+   8  22.3 

—15  50.3 

—50  20.6 

+  82  38.1 

—  9  31.1 

+  50  49.9 


+  3.06 
2.73 
1.70 
1.26 
3.37 
2.76 

3.54 
2.71 
2.18 
2.90 

2.21 

1.86 
1.93 
2.76 
2.35 

2.78 

2.75 
3.35 
2.07 
2.39 
3.17 

2.55 
2.40 
2.66 
3.50 
3.44 

0.81 

3.32 

3.28 

+  2.27 

—0.67 

+  2.00 
2.36 
2.48 

1.83 
3.28 

3.44 
2.93 

3.42 
2.62 

2.22 

4.34 

2.66 
3.22 
2.90 
3.01 

3.03 
3.11 
3.13 

2.70 

3.08 

+  3.02 


L866.0 
R.A.  Decl. 


-t  0.15 
0.16 
it. 17 
0.17 
0.17 
0.18 

0.18 
0.18 
0.18 

0.18 
0.18 

0.19 
0.21 
0.21 

0.21 
4  0.22 

0.22 
0.22 
0.22 
0.22 
0.22 

0.22 
0.22 
0.24 
0.24 
0.24 

0.24 
0.25 
0.26 
0.27 
0.27 

0.27 
0.27 
0.27 
0.27 
0.29 

0.29 
0.29 
0.30 
0.31 
0.31 

0.31 
0.31 
0.32 
0.32 
0.32 

0.33 
0.33 
0.33 
0.33 
0.33 
+  0.33 


19   45     5 
49  25 

19  57 

20  2 
3 
4 


21 
28 
10 

57 


O    O  ( 

7  27 

8  7 
7  55, 

12   27 

15     7 

::6  28 

36  24 

37  44 

38  38 


38 

50 

40 

4 

41 

3 

41 

24 

42 

17 

45 

19 

46 

16 

57 

56 

20 

59 

9 

21 

0 

15 

7 

33 

14 

0 

26 

27 

30 

34 

36 

57 

35 

46 

36 

1 

37 

18 

39 

4 

55 

24 

21 

55 

27 

22 

1 

49 

9 

45 

22 

40 

23 

48 

25 

36 

36 

50 

49 

20 

56 

45 

22 

59 

22 

23 

13 

13 

36 

19 

48 

55 

49 

44 

50 

29 

23 

51 

4 

+   0  38.2 

+  16  1 ...  I 

+  4;i  38.4 

+  57  34.2 

—  14  41.6 
+  15  1  1.5 

—22  24.8 

+  16  17.4 

+  38  17.4 

+   8  39.1 

+  37  35.1 

+  47  26.3 

+  47  37.5 

+  16  34.2 

+  35  4.0 

+  15  52.5 

+  17  34.0 

—  15  18.8 
+  44  20.4 
+  33  50.6 

—  5  40.9 


Red- 
ness 


+  27 
+  34 
+  23 
—24 
—21 


42.3 
7.0 
14.9 
30.2 
55.8 


+  67  54.4 

—  15  46.4 

—  14  36.9 
+  44  43.7 
+  77  58.2 


+  53 
+  42 
+  37 
+  5S 


—28 
+  11 
—30 
+  39 

+  57 

—68 
+  41 
—21 
+  27 
+    9 


40.0 
11.0 
21.2 
7.0 
19.5 

44.9 
49.9 
19.6 
34.3 

40.4 

2.1 
36.8 

7.0 
17.8 

45.7 


+    8  7.6 

—  16  5.3 
—50  35.6 

+  82  23.0 

—  9  4  6.1 
+  50  34.9 


Magnitude 

Mas.  Min. 


2 

0 

9.0* 
5.1 

4 
0.8 


0.8 

9.4* 

4.0 

■> 

9.3 
8.3 
6.0 
o 
2.0 


6.7* 
1 
1.2 

0 

0 

2.0 


6.3 
2 

4.2* 
9.1 


3 

9.0* 
6.2 


1.8 
4.0 

2 

4 

1.7 
4.3 


6.5 


3.5 

5.6 
7.1-  8.5 
8.8-11.3 
8.8-  9.7 
8.4-10.1 

10.2-10.5 

8.5-  8.7 
6.8 

7.6-  9.0 
3-5 

7.0-  8.1 
6.8-  9.5 

8.4-  9.5 
6.4 

8.2-10.3 

6.4 
10.2-10.8 

8.1-  8.7 
5.5? 

6.7-  8.7 

5.5 
7.1 

7.5-  8.5 
9 

9.5-10 

5.2-  6.8 

8.8-  9.7 
10? 

5.0-  6.3 

7.4-  9.2 

7.6 
3 

7.1-7.8 
4? 
10? 

8.7-  9.2 

8.5-  9.3 
5.7? 
8.4 
3.7 

9? 

8.3-  9.3 

7.7-  9.1 
2.2 

6.9-  7.9 

7.3-  8.0 

5.8-  8.5 
8.5? 

6.2-  6.4 
8.5-  9.5 
4.8-  7.0 


4.7 

6.4 

11.5-12 

<14.5 

<13 
10.7-11.8 

<14.7 
9.8-10.4 

8.3-10 

11.1-12.8 

<6 

9.4-11.6 

13.5 

10.4-12.0 

7.2-7.7 

<13 

7.3 

<13 

9.3-  9.7 

6? 

12.4-13.0 

6.5 
7.9 

12.5-13.6 

14? 

<16.2 

9.5-9.9 
13  5 
14? 

6.1-6.7 
11.5 

9.1 

13.5 

8.8-9.3 

5? 

14? 

<11 

<13 

<11  ? 

<12 

4.9 

11  ? 

<13.5 

<12.5 

2.7 

<13 

<13 
11  ? 
11? 
7.1 
14? 
9.7-12 
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No. 

M—m 

Elements  of  Maximum,  Greenwich  M.T. 
Epoch  (Cal.)      (Julian)                Period          Inequalities             Remarks 

M 

Basis 
m 

if  Elements 
Dates  included 

7124 
7149 
7192 
7220 
7234 
7212 

7252 
7257 
7259 
7261 
7285 

7299 
7428 
7431 

7437 
7444 

744(5 
7  1 5  •"' 
7456 
7459 
7468 

7483 
7  1 88 
756.0 
7571 
7577 

7609 
7659 
7733 
775  1 
7779 

7783 

77s: 
7795 
7803 
7907 

7909 
7944 
799  I 
8068 
80  7.". 

8093 
8153 
8230 
8273 
8290 

8373 
8512 

8588 
.s.V.i  1 
S.V.I  7 
8600 

2d  9h 

3.40 
125: 
144:: 

72 

87:: 

16.0 

229.0 
220 
118 
6.8 

88 
1.30 
6.20 

117 

193 
135: 

72.9 
257 

l"14h36m 

172  : 

220 

17H 

1888  Jan. 6J  1 
1876  Dec.  13= 
1887  Mar.  11 
1865  June  29 
1859  Dec.  12 
1865  Nov.  12 

1872  June  27 
1859  Nov.  12 

,1,  32m 

=240  6602.60 
2410342 
240  2417 
2400391 
240  2553 

2404972 

240  0361.0 

+  7a4"  l4m0'.0E 

+     8.38320  K 

+  265       E 

+  322. s   E  +15sin(15°E+450) 

+  345        E       Elements  uncertain 
+  146.7   E 

+  209       E 

+    70.52E  +5sia(2°.5E+55°)     See  notes 

....         Irregularly  periodic 
+  285.5  E      Periodic  inequality ? 

....        So  called  new  star  of  1600 

+  4(53.5   E  +12sin(36°E+324°) 

+  418       E 
+  277.5  E 
+    16.389E 
+  331.9   E 

....         Irregular? 
+  202.5   E      Periodic  inequality 

+  203.3   E  +  8sin(7°.5E  +  255°) 

+     4.43G2E 

0s  +  ld  ll"57ra22sE*.     See  notes. 
+  136. 90E  +18sin(4°E+80°) 
+  157.1    E      Periodic  inequality 
+  218.1    E      Periodic  inequality? 

+  383.3  E 
+  269.2  E 

+  206       E       Elements  uncertain 
+  130.8   E      Yeudell's  elements 
+  484       E 

....         New  star  of  1876 

....        Irregularly  periodic 
+  258       E      Elements  uncertain 

+  272      E      Holetschek's  elements 
+  373      E      Periodic  inequality 

8h  47"'  39s. 3  E  —0s. 0008  E  -  —0s. 000  000  1 5  E 

+  299.8   E 

+  279.7   E      Periodic  inequality  ? 

....        Irregular 
+  380.0  E  +30sin(10E°+200°) 

+  317.5   E 

+  387.16E  +35sin(10°E+235°) 

+  360      E 
+  261       E 
+  429.0   E  +2.;sin(16°E  +  346°) 

81 
6 

30 
5 

27 

8 
133 

10 

15 

8 
14 
54 
16 

10 

19 

54 

27 

10 

9 

13 

14 

3 

21 

12 

8 

2 
14 

289 

7 
14 

19 

7 
23 

5 

7 
26 

55 
4 

1 

26 

1 
54 

16 

2 

11 

48 

4 

39 
66 
10 

1 

7 
1 

17 
4 

278 

5 

6 

7 

1876-91 
1887-92 
1841,  60-92 
1 359-68 
1855-91 

1872-91 

1859-92 

1851,  59-83, 93 

1871-92 
1857,  -si -92 
1863-92 
1886-90,  92 

1855,  63-92 

1852-59,  72-92 

1794,  1865-93 

1885,  86,  91 

1886-92 

1807,  10,  59-88 

1867,  76-91 

ITS!-.  1841-92 
1850-72.  83,  91 
1871,  85.  89 
1885-92 
1789,  1841-93 

1875-92 

1890,  92 
1822,  54-83 

1785-1889 

1856,  83-92 
1798.  1853-92 

1841-55,  66-92 

1864-84,  92 
1811-86 

1882-83,  90-: 

1879-92 

1850-92 

1865  Aug.  26 

2402475 

1871  June    7 
1881  June  12 
1866  Jan.  19 

1856  0ct.  10 
1864  Sept.  11 

1857  Sept.  15 

2404586.0 
2408244 

2  1D2661 
2410r.io.55 
240 2128 

2399573.5 

1861  Nov.  16     240  1096.0 

1885  Nov.    2     2409848.95 
Mix.  1886  Dec.  9d12b20m 
1865  Sept.18     2402498.0 
1867  Aug. 18     2403197 
1867  Aug.  17     2403196 

1873  Aug.  29     2405400 
1855  Oct.  21     239  8878 
1885  Sept.  5     240  9790 
1884  Xov.30     2409511.3 
1865  June  21     240  210!) 

1 875  Aug.    4 

1890  Sept.  9 
1864  Oct.    6 

1840  Sept.  26 

240  6105 

2411620 
240  2151 

10h50m  +  5J 

1883  Feb.  15 

1859  Dec.  16 

2408857 

2  10  0395 

1850  Dec   26 

1864  Dec.    4 

1811  Nov.  30 

231)7118 

2402210.5 
238  2847.6 

1883  Mar.  16 
1879  Aug.  28 
1854Jnly  11  = 

241)8886 

2407590 

=239  8414.0 

*  Subtract  3h  24m44'  if  epoch  is  odd. 
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The  following  Dotes  give,  Qrst,  the  facts  with  regard  to 
the  discovery  of  the  variability  of  the  several  slurs.  For 
the  stars  contained  in  Schonfeld's  Second  Catalogue,  the 
oame  of  the  discoverer  and  the  date,  only,  are  giveD  ;  except 
in  special  instances  where,  from  any  doubt  that  might  exist 
as  to  the  variability,  the  facts  as  to  independent  confirma- 
tion are  added.  For  variables  announced  since  that  time, 
pains  have  been  taken  to  supply  also  the  name  of  the  ob- 
server by  whom  the  suspicion  or  discovery  was  first  confirmed. 
The  imperative  necessity  for  requiring  such  independent 
verification,  as  a  criterion  for  assigning  Akgelander's  letters 
and  for  insertion  in  the  catalogue,  has  been  adverted  to  on 
so  many  occasions,  and  the  danger  of  departing  from  this 
course  has  been  so  forcibly  illustrated  in  many  instances, 
thai  the  matter  need  not  be  further  insisted  upon  here. 

To  facilitate  the  identification  of  the  variables  in  their 
fainter  stages,  I  have  given,  in  as  many  cases  as  was  con- 
venient or  possible,  the  positions,  relative  to  the  variable,  of 
the  neighboring  fainter  stars.      (See  A.J.  VIII,  114.) 

The  other  data  in  the  notes  relate  mainly  to  peculiarities 
of  the  light-curves,  etc.  If  space  had  permitted,  these  would 
have  been  much  more  complete.  In  the  next  edition  of  the 
catalogue  it  is  hoped  to  incorporate,  in  compact  form,  the 
results  of  numerous  original  investigations  in  this  direction, 
which  will  be  useful  to  observers. 


100.  Disc,  by  Chandler,  1881  ;  conf.  by  Sawyer. 
Occasionally  rudely  periodic,  60-70  days,  at  other  times 
irregular. 

107.  Disc,  by  Krueger,  1870.  Light-curve  flat  at  max., 
with  sometimes  a  sec.  miu.  near  this  phase.  Sw  foil.  10% 
O'.o  N. 

112.  Disc,  at  Bouu,  1858.  Sometimes  has  sec.  phases 
following  principal  max.  one  or  two  months.  12*  pr.  3%  2' 
S  ;  9M  pr.  31"  on  parallel. 

114.  Susp.  by  Borrelly,  1872  ;  proved  by  Schonfeld. 
12"  foil.  2s,  4\5  S  ;   12M  pr.  3%  6'  N. 

11G.  Tycho's  star.  Probable  place  according  to  Arge- 
lander.      Possibly  identical  with  a  10*.o  now  visible  0'.8N. 

161.  Disc,  by  Luther,  1855.  Schonfeld's  obsns.  show 
irregular  periods,  2i-5  mos. 

209,     Disc,  by  Birt,  1831  ;  couf.  by  Sir  J.  Herschel  and 
others.     Var.  only  occasionally  evident.     Argelander  found 
[1,  uncertain. 

Disc,  bv  Hartwig,  1885.     New  star  in  Andromeda 


NOTES    TO   THE  CATALOGUE. 

432.  Disc,  at  Bonn,  1861.  Light-curve  variable.  9". 6 
foil.  20%  2'S;  12s'  pr.  15',  0'.3S. 

434.     Disc,  by  Hnro.  1851.     ll*.5foll.0'.5,0\7N  ;  12" 

directly  S. 

466.  Disc,  by  Peters,  1880  ;  conf .  by  Parkhdrst.  For 
stars  of  ident.  see  A.N.  99,  114. 

494.     Disc,  by  Gould,  1872  ;  conf.  by  Sawyer. 

513.  Disc,  by  Hind,  1850.  11"  foil.  7%  0'.5  N  ;  9"  pr. 
9%  4'  N. 

678.  Susp.  by  Fleming,  1890  ;  conf.  by  Yendell  and 
Reed.     Period  perhaps  about  6  mos. 

715.  Disc,  by  Peters,  1865.  9*.5  pr.  10",  6'S  ;  10*.5 
foil.  5",  4'.5  N. 

782.  Disc,  at  Bouu,  1857.  Light-curve  flat  near  max., 
6*pr.  23%  0'.7S. 

793.  Disc,  by  Safarik,  1882  ;  couf.  by  Chandler  and 
Schwarzchild.  Either  irregular  or  rudely  periodic,  with 
period  of  several  months. 

806.  Disc,  by  Fabricius,  1596  ;  recognized  as  periodi- 
cally var.  by  Holwakda,  1638.  Principal  epoch  of  elements 
in  catalogue  corresponds  to  Ep.  227  of  Argelander.  9M.l 
foil.  7". 7,  10"N. 

814.  Disc,  by  Krueger,  1872.  Probably  irregular. 
Safarik  and  Hagen  think  it  is  rudely  periodic  ;  period  long, 
2 J-  years.     10*  foil.  2",  l'.l  N. 

Disc,  by  Argelander,  1866.      11M  pr.  12%  5'  N. 
Disc,  by  Sawyer,  1885;  conf.by  Chandlek. 
Susp.  by  Espin,  1890;    proved   by  Yendell    and 


Disc,  by  Auwers,  1870.     Light-curve  very  flat  near 


per.  79" 
224. 

nebula. 
243. 
320. 


Disc,  by  Espin,  1887  ;  conf.  by  Chandler. 

Disc,  by  Ceraskt,  1880.  Algol-type.  Light-curve 
unusuallyflat  atmin.,  and  unsymmetric  ;  decrease  more  rapid 
than  increase.  Oscillations  occupy  one-sixth  of  period,  or 
10  hours;  nearly  stationary  for  2  hours  at  minimum.  See 
investigations  A.J.  IX,  49  and  XIII,  45. 


845. 
893. 
906. 
Knott. 
976. 
max. 

1072.  Disc,  by  Schmidt,  1854.  Schmidt's  period  of  32d. 98 
not  couf.  by  Schonfeld's  obsns. 

1090.  Susp.  by  Montanari,  1669  ;  independently  disc  by 
Goodricke,  1782.  Additional  term  of  elemeuts,  +3'". 5 
sin(^°E+90o.33).  Principal  epoch  of  elements  corresponds 
to  Ep.  1 1 2 1 0  of  Argelander.  See  investigations,  A.J.  V 1 1 . 
165-183;  XI,  113-126.  Light  oscillations  occupy  a  little 
over  9  hours. 

1113.  Disc,  by  Schaeberle,  1892  ;  couf.  by  Glasenapp. 
Position  only  rudely  known. 

1222.  Disc,  by  Schonfeld,  1861.  12M  foil.  5%  0'.2  S  ;  1  2M 
foil.  4%  l'.2S;   12"  pr.  12%0'.5S. 

1367.  *Disc.  by  Gould,  1876  ;  couf.  by  Chandler,  also 
Yendell. 

1411.  Disc,  by  Baxendell,  1848.  Period  certainly  sub- 
ject to  inequalities,  whose  law  it  is  uot  yet  possible  to  deter- 
mine. Deviations  from  uniform  elements  sometimes  amount 
to  3  hours.     The  light-oscillatious  occupy  10  hours. 

1537.  Disc,  by  Hind  ;  couf.  by  Auwers  and  Chacornac, 
1861.  A  supposed  variable  nebula  (Hind  and  D'Arrest) 
precedes  2ra38%6'.5S. 
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1574.  Susp.  by  EsrrN,  1886  ;  conf.  by  Gage,  Chandler 
and  Parkhurst,  although  there  is  some  doubt  and  confusion 
about  its  exact  place.  The  region  within  15' should  be  watched. 

1577.  Disc,  by  Hind,  1849.  8"pr.  15',  5'.5  S  :  10M  foil. 
3s,  2'N. 

1582.  Disc,  by  Oudemans,  1855.  Townley  thinks  period 
is  one-half  of  that  in  table.  The  small  value  of  M—m  seems 
to  favor  this  hypothesis,  although  there  are  no  obsus.  of 
max.  to  confirm  it.  11\5  foil.  9%  l'S;  11M.5  foil.  4s,  0'.7  S  ; 
12"  pr.  6s,  I'N. 

1623.  Disc,  by Espix,  1891  ;  conf.  by  Dlner.  Elements 
provisional  and  uncertain,  from  Doner's  two  max. 

1635.  Disc,  by  Ragooxathachari,  1867;  conf.  by 
Roberts. 

1654.  Disc,  by  Gocld,  1874  ;  conf.  by  Roberts.  Period 
about  1 1  mos.,  by  Roberts's  obsus. 

1717.  Disc,  by  Auwers,  1871.  L2».5foU.ll",  l'S;  11H.5 
foil.  10%3'.5  N. 

1761.  Disc,  by  Hixd,  1848.  11M  foil.  1  Is,  0'.3  X  ;  12"  pr. 
7%0'.6S. 

1768.  Susp.  by  Fritsch,  1821  ;  conf.  by  Schmidt,  1843  : 
independently  disc,  by  Heis,  1847.  Variations  irregular, 
often  nnnoticeable  during  many  months. 

1771.  Disc,  by  Schmidt,  1855.  Hind's  u  crimson  star." 
Accurate  obsus.  of  max.  and  miu.  difficult. 

1855.  Disc.atBonu,  1862.  Schonfeld  notes,  and  Chand- 
ler's obsns.  confirm,  the  uuusual  phenomenon  of  a  "  stand- 
still" during  increase  at  about  9",  from  2  to  4  mos.  before 
max.  9Mpr.  5s,  0'.6  S. 

1923.  Disc,  by  Diner,  1881  ;  conf.  by  Chandler.  Period 
irregular  ;  probably  over  400  days,  with  secondary  phases. 

1944.  Disc,  by  Webb,  1870  ;  conf.  by  Schonfeld.  Marked 
irregularities,  and  secondary  phases  in  light-curve.  10M  about 
l'N;  9M.5  pr.  28.5,0'.4S. 

1953.  Disc,  by  Anderson,  1892.  A  secondary  max.  oc- 
curred in  Aug.,  1892,  9V2.  No  apparent  change  in  6  mos. 
prec.  Apr.,  1893,  according  to  Parkhlrst. 

1981.  Disc,  by  Espin,  1891;  conf.  by  Yendell.  Ele- 
ments mere  guess-work,  from  Yexdell's  3  max. 

1988.  Disc,  by  Bond.  1863.  Schmidt's  obsns.  1868-81, 
and  Chandler's  1883-84,  certainly  confirm.  While  this  is 
the  only  star  in  the  nebula  of  Orion  inserted  in  the  Catalogue, 
there  is  little  doubt  that  several  others  are  variable.  But 
the  subject  is  a  very  intricate  one,  and  requires  especial  in- 
vestigation. See  note  to  "  unconfirmed  list"  with  regard  to 
Stone's  and  Schmidt's  observations. 

2013.  Susp. by  Espin,  L891  ;  proved  by  Yendell.  Ele- 
ments consistent  with  DM.  obsns..  but  numeration  of  periods 
not  certain. 

2098.  Disc,  by  Sir  J.Herschel.  1840.  Argelandeb  found 
period  of  196d.    Schonfeld  thought  periodicity  questionable. 

2100.  Disc,  by  Gore.  1885  ;  generally  continued.  Ele- 
ments deduced  from  combination  of  obsus.  with  various 
negative  data,  1797-1857. 


2213.  Disc. by  Schmidt,  1865.  Elements  will  satisfy 
Schmidt's  min.of  1844.  which  Schonfeld's  would  not. 

2258.  Susp.  by  Espin,  1886  ;  proved  byCHANDLER,  1*91  ; 
and  Yendell,  1893.  Elements  given  are  mere  guess-work. 
They  satisfy  hypothetically  all  present  data. 

2266.     Disc,  by  Schonfeld,  1883  ;  conf.  by  Chandler. 

2279.  Disc,  by  Gould,  1871.  Elements  of  First  Cata- 
logue retained,  although  not  definitive.  Yexdell  gets  1885 
Apr.  2.68+27.0059  E. 

2362.  Disc,  by  Schmidt,  1861.  In  southerly  end  of  the 
nebula  A399. 

2375.  Disc,  by  Winnecke,  1867.  Schonfeld's  obsns. 
partlyconfirm  partly  contradict  Winnecke's  elements.  Yen- 
dell's  obsns.  also  lender  them  doubtful.  The  star  requires 
further  investigation  before  the  question  can  be  settled. 

2478.  Disc,  by  Krueger,  187(1-74;  conf.  by  Schonfeld. 
10Mfoll.  20s.  ■!'. 3  X  ;   10Kpr.  11",  3'.5  N. 

2509.  Disc,  by  Schmidt,  1847.  Elements  of  First  Cat. 
retained.     Definitive  investigation  not  completed. 

2528.  Disc.  byHnm,  1848.  Light-curve  variable.  Varia- 
tions near  max.  frequently  very  slow.  12",  2'.5N;  12M.5 
pr.4%  l'S;   9*  foil.  25\  3' X. 

2539.  Disc,  at  Bonn,  1855.  Light-curve  flat  at  max. 
Obsns.  of  Lalande  and  Bessel  cannot  yet  be  certainly  in- 
cluded in  calculation  of  elements. 

2583.  Disc,  by  Gould,  1872;  conf.  by  Williams  and 
Roberts. 

2610.  Disc,  by  Sawyer,  1887  ;  conf.  by  Chandler.  Ele- 
ments of  Supplement  (A.  J.  216)  retained,  as  recent  obsus. 
give  no  certain  correction.   Light-oscillations  occupy  5  horns. 

2625.  Disc,  by  Baxendell,  1880;  conf.  by  Knott  and 
Chandler. 

2676.  Disc,  by  Gould,  1873.  Elements  of  First  Cat.  re- 
tained. Definitive  investigation  not  completed.  Light-curve 
has  rudely  alternating  bright  and  faint  minima. 

2684.  Disc,  by  Hind,  1856.  Light-curve  flat  at  max.  9M. 5 
foil.  19-.  4'  X;  9*.3  pr.  25-.  3' N. 

2691.  Disc.bySi  bonfeld,  1865. 12*.7pr.l',0'.3S  ;12".2 
foil.  4.0.1  X. 

2735.  Disc,  by  Baxendell.  1879  :  conf.  by  S<  hmidt.  Pe- 
riod and  light-curve  very  irregular,  with  secondary  max.  and 
min.     Elements  uncertain. 

2742.  Disc,  by  Hind.  1848.  ll*.a  foil.  4s,  0'.6  S  ;  12M  pr. 
5s.  l'.6X. 

2780.  Disc,  by  Hind,  1848.  A  halt  frequently  occurs 
during  increase,  at  about  9".5.  12M.5  pr.  l\  2'.3  S  ;  llMpr. 
12s,  3'  X. 

2783.     Disc,  by  Corn..  1872? 

2815.  Disc.  byHrND,  1855.  Light-variation  of  a  unique 
character.  The  star  remains  at  or  near  min..  about 
most  of  the  time,  suddenly  brightens  to  about  9". 3.  and  di- 
minishes again  in  5-12  days  to  miu.  Irregular  periods,  from 
two  to  five  mos..  average  86.3  days.  For  purpose  of  approx. 
prediction  the  epoch  of  last  observed  max.  is  given  as  e|  och 
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of  catalogue.    For  comparison-stars  and  light-scale  see  Win- 
necke,  A.N.  L120. 

2852.  Disc,  by  Williams,  1886  ;  conf.  by  Roberts.  The 
former  thinks  period  is  4  J,  days  ;  the  latter,  about  half  of  this. 

2857.  Disc,  by  Pickering.  1881  ;  conf.  by  Chandler. 
Elements  uncertain.  10"  foil.  26',4'N  ;  11"  pr.  16",  l'.o  N; 
18"  foil.  2  .  L'.o  S. 

2946.  Disc,  by  Schwerd,  1829.  10s'  foil.  6%  4'.4  S  ;  12" 
pr.  4".  l'.5S. 

2976.  Disc,  by  Auwers,  1870.  Occasionally  secondary 
phases  near  max.  11"  foil.  4"  on  parallel;  10". 5  foil.  18s, 
ii'.:;  N. 

3060.  Disc.  byCHACOKNAC,  1853.  Light-variation,  occa- 
sionally at  least,  slow  near  max.  1 L"  pr.  3%  7'  N. 

3109.  Disc,  by  Hind,  1848.  Schonfeld's  elements  re- 
tained, since  6  min.  by Yendell  in  1890  give  unimportant 
deviations.     Light-oscillations  occupy  2H  hours. 

3128.  Susp.  by  Weiss  ;  proved  by  Holetschek,  1890.  Pe- 
riod just  about  a  year.  This  letter  assigned  because  the 
var.  of  the  star  to  which  the  letter  Ii  was  assigned,  (Uran. 
Argent,  p.  297,)  has  uot  yet  been  confirmed. 

3170.  Disc,  by  Hind,  184S.  Var.  near  max  sometimes 
slow,  sometimes  rapid.  11"  pr.  12" oh  parallel ;  1 2M  foil.  7s, 
O'.SN. 

3184.  Disc,  by  Hind,  1851.  l0Mfoll.  6%  3'N ;  10H.5  pr. 
4%  2'.5  N. 

3186.  Disc,  by  Hind,  1850.  Elements  give  minimum- 
epoch  only,  as  light-curve  is  too  flat  near  max.  to  determine 
the  latter. 

3407.  Disc,  by  Paul,  1888  ;  conf.  by  Sawyer.  Period  of 
Supplement  to  First  Cat.  (A.J.  216)  retained,  correcting 
Epoch  by    --17m.4.  Light-oscillations  occupy  about  3i  hours. 

3409.  Disc,  by  Gould,  1871;  conf. by  Roberts.  Rob- 
erts's obsns.  not  entirely  consistent  with  Godld's  period  of 
4.25  days. 

3418.     Disc,  by  Gould,  1871  ;  couf.  by  Tebbott. 

3477.     Disc,  by  Schonfeld,  1863.     10".5  foil.  10%  2'  N. 

3493.  Disc,  by  Koch,  1782.  The  periodical  inequality  of 
the  elements  is  very  certain. 

3495.     Disc,  by  Gould,  1871  ;  couf.  by  Roberts. 

3567.  Disc,  by  Becker,  1882  ;  conf.  by  Chandler.  11". 5 
foil.  5%  l'.2N. 

3633.     Disc,  by  Gould,  1872  ;  conf.  by  Roberts. 

3637.  Disc,  by  Gould,  1871  ;  conf.  by  Roberts.  Light- 
curve  regular. 

3712.  Disc,  by  Peters,  1876.  Schonfeld  thought  it  vari- 
able. Certainly  seen  by  no  one  except  Peters  and  the  DM. 
observers.  The  writer  has  never  been  able  to  see  the  star, 
although  it  was  sought  for  many  times  in  different  years. 
Parkhcrst's  experience  is  similar.  The  variability  is  ex- 
tremely doubtful. 

3796.  Disc,  by  Gould,  1871  ;  conf.  by  Espin  and  Yen- 
dell.    Espin's  period  not  confirmed. 

3825.     Disc,  by  Pogson,  1853.  Light-curve  very  variable. 


3S47.  Disc,  by  BURCHELL,  1827.  Fluctuations  very  capri- 
cious. 

3881.  Susp.  by  Gould;  proved  by  Chandler.  1888. 
Large  irregularities  in  period.     Elements  uncertain. 

3890.  Disc,  by  Peters,  1880  ;  conf.  by  Parkiurst.  A 
max.  obsd.  by  Yendell,  1893,  contradicts  Parkhurst's  pe- 
riod.    For  stars  of  identification  see  A.N.  99,  114. 

3908.  Disc,  by  Gould,  1877;  conf .  by  Upton  and  Rob- 
erts.    The  latter  thinks  periods  is  about  18h. 

3934.  Disc,  by  Winnecke,  1861.  Variations  very  small, 
and,  according  to  some  observers,  doubtful.  S<  h6nfei.d 
found,  very  uncertainly,  period  of  160'1,  from  Winnecke's 
obsns.  a  Cruteris  pr.  43%  l'.2N  ;  9"  pr.  5R ;  8".0  foil.  10% 
2'.5  S. 

3994.  Disc,  by  Chacornac,  1856.  Increase  apparently 
slower  than  decrease  by  Chandler's  obsns.     11". 5  foil.  6", 

r.Ts. 

4160.  Disc,  by  Peters,  1862.  Variation  not  confirmed 
by  any  other  observer,  and  indeed,  from  obsns.  of  Schon- 
feld, Parrhurst  and  Chandler  —  none  of  whom  have  ever 
certainly  seen  the  star —  is  subject  to  considerable  doubt. 

4300.  Disc,  by  Peters,  1871  ;  conf.  by  Schonfeld  and 
Chandler.  A  period  of  about  340d  is  consistent  with  a  large 
part  of  the  very  defective  data.      11  ".5  foil.  2",  0'.4  N. 

4315.     Disc,  by  Schonfeld,  1856.     7". 5  pr.  13%  2'.2  N. 

4377.  Disc,  by  Boguslawski,  1849.  ll"pr.  8%  2'  N  ;  12M 
foil.  1%2'N;   11  ".5  foil.  12%2'N  ;  1 1M.5  pr.  2%  4'  N. 

4407.  Disc,  by  Karlinski,  1867.  Increase  rapid.  8Mpr. 
5%3'.5S;   10"  pr".  5%  0'.5  N  ;  8"  foil.  18%  1'  S. 

4492.  Disc,  by  Henry,  1874;  couf.  by  Chandler.  8" 
foil.  19%  1'  S;   11"  foil.  12%2'.5N. 

4511.     Disc,  at  Bonn,  1860. 

4521.  Disc,  by  Harding,  1809.  See  investigation  A.J. 
VIII,  164. 

4536.     Disc,  by  Gould,  1871  ;  conf.  by  Upton. 

4557.     Disc,  by  Pogson,  1853. 

4596.  Disc,  by  Harding,  1831.  Periodic  inequality  of 
small  range  indicated.     10"  pr.  9%  1'  N. 

4731.     Susp.  by  Espin,  1891  ;  proved  by  Yendell. 

4805.  Disc,  by  Schonfeld,  1866.  Light-curve  very  reg- 
ular. 

4816.  Disc,  by  Goldschmidt,  1857.  Increase  somewhat 
irregular,  decrease  more  uniform.  Star  isolated,  and  iden- 
tification easy. 

4826.  Susp.  by  Montanari,  1672(1670?);  proved  by 
Maraldi,  1  704.  Elements  of  catalogue  are  based  on  obsns. 
since  1784  only,  the  attempt  to  reconcile  Hevel's,  Monta- 
nari's  and  Maraldi's  max.  having  been  given  over  for  the 
present.  The  principal  epoch  of  catalogue  corresponds  to 
Ep.  170  of  investigation  in  A.N.  103,  225. 

4847.     Disc,  by  Hind,  1852. 

4940.     Disc,  by  Sawyer,  1888  ;  conf.  by  Yendell. 

4948.     Disc,  by  Espin,  1888  ;  conf.  by  Chandler. 
5037.     Disc,  by  Peters,  1880  ;  conf.  by  Parkhurst. 
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5070.     Disc,  by  Pai.isa.  1880  ;  couf.  by  Chandler.    9m  pr 
12s,  2'  S;   10*  pr.  7s.  2' N. 

5095.     Disc,  by  Gould,  1871  ;  conf.  by  Roukrts. 

5097.  Disc,  by  Baxendell,  1860.  Only  one  appearance 
known.  Schonfeld  suggested  that  it  may  belong  to  the 
class  of  new  star-. 

5156.  Disc,  by  Baxendell,  1859;  conf .  by  (handler. 
1888,  and  Yendell,  1893.  7M.3,  directly  south  2'.8,  renders 
obsn.  difficult. 

5157.  Disc,  at  Bonn,  1860.  Quadratic  term  of  elements 
very  certainly  established. 

5190.  Disc,  by  Hencke.  1858.  Light-curve  somewhat 
irregular. 

5194.  Disc.by  Duner,  1884;  conf.  by  Chandler.  Ob- 
served max.  show  considerable  deviations. 

5237.      Di^c.  at  Bonn.  1  ^ ."> s . 

5249.     Disc,  by  S<  boot  eld,  1882  ;  conf.  by  Chandler. 

527-1.     Disc,  by  Schmidt,  1867  :  conf.  by  Schwab. 

5319.     Disc,  by  Gould,  187-  (?)  ;  couf.  by  Roberts. 

5338.  Disc.by  Baxendell,  1880;  conf.  by  Schwab. 
Parkhurst  suggests  period  to  be  lengthening  (P=  173d.O 
+  0d.16Ei. 

5374.  Disc,  by  Schmidt,  1859.  Epoch  of  catalogue  ele- 
ments corresponds  to  Ep.  ■"■:,l  of  Schonfeld.  Schmidt  found 
an  inequality  of  9  yrs.  cycle  in  period.  1  suspect  that  this 
is  not  real,  but  a  subjective  effect,  dependent  on  hoar-angle 
at  which  min.  are  obsd.  The  subject  is'  reserved  for  defini- 
tive investigation.     Light-oscillations  occupy  12  hours. 

."i402.  Disc,  by  Gould,  187-  (?)  ;  conf.  by  Roberts,  who 
also  confirms  Gould's  period. 

5430.  Disc,  by  Palisa,  1878  ;  conf.  by  Chandler.  Period 
of  first  catalogue  was  723d.  Townley  discovered  the  subdi- 
vision. 10*.5  foil.  7' on  parallel;  13M  pr.  4".  0'.2  N  ;  13".5 
pr.  1%  l'N. 

5438.  Disc,  by  Baoschinger,  1887;  conf.  by  Chandler. 
Period  uncertain. 

54(>5.     Disc,  by  Gould.  1871  ;  conf.  by  Roberts. 

5484.  Disc,  by  Winnecxe,  1869.  Elements  of  supple- 
ment. A.J.  216,  retained,  as  they  represent  subsequent 
obsus.  to  date,  without  appreciable  certain  collection.  See 
investigation  .4.,/.  IX.  97.  Light-oscillations  occupy  nearly 
10  hours. 

5494.  Disc,  by  Borrelly,  1872.  13"  pr.  2\  2'  X  ;  12".5 
foll.5'.2'.5N. 

5501.     Disc,  by  Harding,  1828.    Increase  more  rapid  than 
decrease.      1 1  M  pr.  8%  0'.5  N  ;   12M.7  foil.  2%  0'.4  N. 
5504.     Disc,  by  Hencke,  1860. 

5583.     Disc,  by  Peters,  1878  ;  conf.  by  Parkhurst.  Town- 
ley  suggested  period  of  169d,  iu  place  of  Peters's  of  295d. 
Parkhurst  suggests  the  elements  1878  July  27+1 12.6  E. 
5593.     Disc,  by  Peters,  1878  ;  conf.  by  Parkhurst. 
5617.     Disc,  by  Peters,  1878  ;  conf.  by  Chandler. 
5644.     Disc,  by  Peters,  1879.     Elements  very  uncertain. 
S.  DM.  gives  R.  A.  10s  smaller.     Identification  not  certain. 


5667.  Disc,  by  Pigott,  1795.  Remains  frequently  nearly 
unchanged,  near  max.,  then  diminishes  at  irregular  intervals 
suddenly  to  min.  and  after  repeated  large  oscillations  re- 
sumes its  normal  unchanging  condition. 

5675.  Disc,  by  Duner,  1873 ;  conf . by  Schmidt.  Second- 
ary phases  near  max.  sometimes  marked. 

5677.  Disc,  by  Harding.  1826.  Star  isolated  and  iden- 
tification easy. 

5682.     Disc,  by  Gould.  1884. 

5688.  Disc.  byPoGSON,  1858.  Not  recently  observed,  and 
elements  consequently. not  trustworthy  for  prediction.  12" 
pr.  3*.  l'.-.'S. 

5704.     Disc,  by  Peters,  1885  ;  conf.  by  Parkhurst. 

5713.  Disc,  by  Gould.  187-(?)  ;  conf.  by  Roberts,  who 
gives  pei iod  as  C''.3. 

5732.  Disc,  by  Birmingham,  1866.  See  note  to  SchSn- 
ii  id-  Second  Catalogue  for  history  of  its  appearance. 

5758.     Disc,  by  Gore,  1890;  conf .  by  Tendell. 

5761.     Disc,  by  Peters,  1883;  conf.  by  Parkhurst. 

5770.      Disc,  at,  Bonn.  1855.      Identification  easy. 

5776.     Disc,  by  Peters,  1876  ;  conf.  by  Parkhurst. 

5795.  I  >isc.  by  Palisa,  1870  :  conf.  by  Schmidt.  10"  pr. 
8',  l'N;   10M  foil.  10%  3'  S. 

5826.  Disc,  by  Auwers,  1860.  independently  by  P. ...son. 
one  week  later.  Position.  08.29  foil.  2".7  N  of  the  center  of 
cluster  Messier  80.     Not  since  seen. 

5830.  Disc,  by  Chacornac,  1853.  Light-curve  very  vari- 
able ;  marked  secondary  phases.  Increase  from  12*  rapid. 
,sM  pr.  24',  2'  N  ;   9" foil.  10s.  3' X. 

5831.  Disc,  by  Chacornac,  1854.     9\4  foil.  9%0'.2  N. 
5856.     Disc.by  Schonfeld,  1881;    conf .  by  Chandler. 

ll*pr.  13s  on  parallel;   12"  foil.  13s,  4'N  ;    10"  foil.  3  1\  l'N. 

5860.  Disc,  by  Pogson,  1863.  Decreased  from  9"  to  in- 
visibility in  12  days.     Not  seen  by  any  one  else. 

5887.     Disc,  by  Duner,  1881  ;  couf.  by  Chandler. 

5889.  Disc,  by  Hencke.  1860.  Elements  will  not  satisfy 
Bessel's  obsn.,  hence  period  is  probably  variable.  9M  pr.  12s, 
3'.3  X. 

5903.  Disc,  by  Peters,  1876  ;  conf .  by  Chandler.  Ele- 
ments \  cry  uncertain. 

5:>12.     Disc,  by  Baxendell.  1857. 

5'J28.  Disc.by  PoGSON,  1860.  Elements  very  uncertain. 
10"  foil. 5",  9'S  :    10"  pr.  5",  •-'.■"•  S. 

5931.  Disc.by  Pogson,  1854.  Recent  obsns.  confirm 
Schonfeld's  elements,  which  are  retained.  Light-curve  vari- 
able.    ll".5pr.  6',3'N;  12"pr.  13',  0'.2  N. 

5948.  Disc,  by  Pickering.  1881  ;  couf.  by  Chandler. 
Period  4  to  6  mos.,  very  irregular. 

.".950.     Disc,  by  Duner,  1880  ;  couf.  by  Chandler. 

5952.  Disc,  by  Chandler,  1882  ;  conf.  by  Yendell.  The 
former,  in  1882-83,  found  period  20d.5  ;  the  latter  in  1889-93, 
period  of  20d.6. 

5955.  Disc,  by  Geelmuyden,  1876;  conf.  by  Hartwig. 
8".o  foil.  35',  l'.5S;  11"  foil.  2s,  3'  S. 


106 


THE     ASTRONOMICAL     JOT  K.N  A  I. 


N--300. 


6005.     Susp.  by  Espin,  1892;  proved  by  Yendell. 

6044.  Disc.  at  1m >iui .  1856.  Decrease  unusually  rapid 
immediately  after  max.  9".7  foil.  9",  V.4  S;  6"  foil.  1 1", 
I '.9  N. 

608S.  Disc,  by  I1im>.  1848.  At  present  visible  :is  12*.5, 
without  change  since  1867. 

6132.  Disc,  by  Pogson,  1853.  10".5  foil.  6",  4'  s  ;  10M.5 
pr.  ■_'•.  i.'S.  Also  a  small  nebula,  not  in  Herschel's  G.C.  or 
Dkeyer's  supplement,  foil.  36%2'S. 

6181.  Disc,  by  W.  Herschel,  1795.  Very  irregular  oscil- 
lations in  periods  of  2  to  4  mos. 

6189.  Disc,  by  Gould.  1871  ;  conf.  iu  1881  by  Sawyer. 
who  also  first  recognized  its  character  as  of  the  Algol-type. 
See  investigations  A.  J.  VII,  129-140,  and  XIII,  46.  Light- 
oscillations  occupy  5  hours. 

6202.  Disc,  by  Schmidt,  1869  ( ?).  Schmidt  gave  period 
about  37-40  days.  Very  rapid  secondary  oscillations  near 
min.  remarked  by  Schmidt,  and  confirmed  by  Schwab. 

6268.  Disc,  by  Brcnowski  and  Faisricius,  1604.  See  note 
to  Schonfeld's  Second  Catalogue. 

6368.  Disc,  by  Schmidt,  1866;  obsns.  to  1892  give  no 
certain  corr.  to  Schonfeld's  elements. 

6404.     Disc,  by  Sawyer,  1888  ;  conf.  by  Chandler. 

6472.  Disc,  by  Schmidt.  1S66  ;  obsns.  to  1892  give  no 
correction  to  elements  of  supplement,  A.J.  No.  216. 

6512.     Disc,  at  Bonn,  1857.      10M  pr.  3s.  0'.9  N. 

6573.  Disc,  by  Sawyer,  1886  ;  conf .  by  Chandler.  Ele- 
ments nearly  definitive. 

6624.  Disc,  by  Baxendell,  1860.  Recent  obsns.  confirm 
Schonfeld's  elements,  which  are  retained.  11*.5  foil.  3s, 
O'.l  N. 

6636.  Disc,  by  Schmidt,  1866.  Elements  not  quite  defini- 
tive. 

6682.     Disc,  by  Espin,  1886  ;  conf.  by  Chandler. 

6726.  Disc,  by  Winnecke.  1860.  Irregularly  variable  in 
period  of  3  to  5  mos. 

6733.  Disc,  by  Pigott,  1  795.  Argelander  found  bright 
and  faint  minima,  usually  alternating,  and  this  has  been  con- 
firmed by  all  subsequent  observers.  Provisional  elements 
of  First  Catalogue  retained,  pending  the  completion  of  full 
discussion. 

6758.  Disc,  by  Goodricke,  1784.  Light-curve  double. 
Secondary  min.  about  midway.  Reed's  provisional  corr.  of 
Argelander's  elements  retained,  pending  final  discussion. 

6760.     Disc,  by  Thome.  1872;  conf.  by  Upton. 

6794.  Disc,  by  Baxendell.  1856.  Elements  of  First 
Catalogue  retained. 

6806.  Disc,  by  Schmidt,  1866.  The  period  of  6'\  found 
from  his  earlier  obsns.,  not  conf .  by  the  later  ones. 

6811.  Disc,  by  Schmidt,  1866.  Period  given  in  Cata- 
logue is  Schmidt's. 

6812.  Disc,  by  Schmidt.  1876. 

6834.  Recognized  by  various  observers,  Knott,  1871  ; 
Schmidt.  1872;  Safaris,  1884  ;  Sawyer,  1892. 


6849.  Disc,  at  Bonn.  1856.  Secondary  fluctuations  near 
max.  Light-curve  \n\  variable.  9".6  pr.  12%  0'.3  S  ;  10". 6 
pr.  4  .  O'.o  ST. 

6903.  Disc,  by  Poi.xin.  1863.  Lack  of  recent  obsns. 
makes  prediction  uncertain.      11". 5  foil.  10%  O'.o  N. 

6905.  Disc,  by  Pogson,  1858.  11"  pr.  1%  0'.4  S;  10M.8 
pr.  4%  l'N. 

6921.     Disc,  by  Pogson,  1860.      1 1M  foil.  24%  2'.5  S. 

6923.  Disc,  by  Peters,  1888;  conf.  by  Pickering.  No 
elements  possible,  from  data  available. 

6984.     Disc,  by  Sawyer,  1886  ;  conf.  by  Chandler. 

7045.  Disc,  by  Pogson,  1852.  0  Oygni  pr.  22%  0'.7  N  ; 
9M  foil.  2%  I'.oN. 

7085.     Disc,  by  Pickering,  1890  :  conf.  by  Porko  (  ?). 

7101.  Disc,  by  Anthelm,  1670.  See  note  to  Schonfeld's 
Second  Catalogue. 

7106.  Susp.  by  Hind,  1861  ;  proved  by  Baxendell,  1862. 
Periodical  term  of  elements  uncertain. 

7120.  Disc,  by  Kirch,  1686.  See  investigation  A.  J.  X, 
103.  11M.5  pr.  10%  1'9  S;  11\5  foil.  3%  1'  S  ;  11". 5  foil.  6% 
O'.l  N. 

7124.  Disc,  by  Pigott,  1784.  Elements  of  First  Cata- 
logue retained,  pending  definitive  discussion. 

7149.     Disc,  by  Gore,  1885  ;  conf.  by  Chandler. 

7192.     Disc,  by  Espin,  1887;  conf.  by  Baxendell,  Jr. 

7220.  Disc,  at  Bonn,  1860.  Coefticientsof  periodical  in- 
equality only  approximate.  Secondary  phases  near  max. 
8M.9  foil.  1%0'.8N. 

7234.  Disc,  by  Hind,  1848.  Want  of  recent  obsns.  makes 
elements  uncertain  for  prediction.  13M  dist.  20",  pos. -angle 
355°. 

7242.  Disc,  by  Baxendell,  1863.  Extraordinary  and  un- 
explained irregularities  in  period.     9M  foil.  1%  1'.5  S. 

7252.  Disc,  by  Peters,  1872;  conf.  by  Parkhlrst  and 
Chandler.     For  stars  of  identification  see^l.AT.  109.  120. 

7257.  Disc,  by  Baxendell,  1859.  Double  light-curve, 
like  p  Lyrae.  Second  max.  and  second  min.  follow  principal 
ones  about  35d,  respectively.  Reversals  of  light-curve  oc- 
curred iu  1874  and  1883,  so  that  between  these  dates  the 
secondary  minima  were  fainter  than  the  principal  minima. 

7259.  Disc,  by  Espin,  1887  ;  conf.  by  Chandler.  Ddner 
thinks  period  may  be  380d  ;  Parkhurst,  1  20d  ;  but  it  is  doubt- 
ful whether  the  star  is  regularly  periodic.  Place  from 
Bessel.      DM.  decl.  is  2'. 4  smaller. 

7261.  Found  by  Hencke,  1851 ,  and  suspected  to  be  an 
asteroid,  until  Schonfeld,  1859,  proved  variability.  12M  pr. 
2%  1 '  S. 

7285.     Disc,  by  Janson,  1600. 

7299.  Disc,  by  Knott.  1871.  Knott  thinks  brightness  at 
minimum  is  systematically  variable.     8M.5  foil.  5s.  0'.7  N. 

7428.  Disc,  by  Birmingham,  1881  ;  conf.  by  Schmidt. 
Second  max.  follows  principal  one  about  two  months. 

7431.     Disc,  by  Baxendell.  1860.     8M.3  pr.  1%  0'.9  N. 

7437.     Disc,  by  Chandler,  1886  ;  conf.  by  Yendell.    The 
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former  finds  brightness  at  min.  variable  ;  the  latter  confirms 
this  fact,  and  thinks  the  phenomenon  is  periodic  in  a  cycle 
of  21  periods.     Elements  not  quite  definitive. 

7444.  Disc,  by  Baxendell,  1863.  Possibly  a  secondary 
max.  near  principal  one.  Decrease  unusually  rapid.  11" 
pr.  3%  2'.7N;  10M  foil.  12%  O'.l  N. 

7146.  Susp.  by  D' Arrest,  1874  ;  couf.  by  Espin,  Gore 
and  Chandler. 

7455.  Disc,  by  Pogson,  1858.  8".5  foil.  20",  7'N  ;  10" 
pr.  15s.  6'S. 

7156.  Disc,  by  Espin,  1S88;  conf.  by  Chandler,  1888; 
Yendell, 1S90. 

7459.  Disc,  by  Schmidt,  1864.  Period  about  one  year, 
by  Schmidt's  obsns.  Light-variations  exceedingly  small,  and 
for  the  most  part  unnoticeable.  Variability  not  sufficiently 
confirmed  to  be  regarded  as  certain. 

74  68.     Disc,  by  Goldschmidt,  1861. 

7483.  Disc,  by  Sawyer,  1885  ;  conf.  by  Chandler.  Ele- 
ments practically  but  not  strictly  definitive. 

74  88.  Disc,  by  Chandler,  1886  ;  conf.  by  Sawyer.  Algol- 
type.  The  extraordinary  anomalies  signalized  in  A.J.  VIII, 
130  and  IX,  92  are  explained  by  Duner  A.J.  XII,  1,  whose 
elements  are  adopted  in  the  Catalogue.  Duner  gives  also  the 
additional  term ± "2s. 2  (E-792),  where  upper  sign  is  for  even 
epochs,  lower  for  odd.  Chandler  found  brightness  at  min. 
to  be  variable,  and  Yendell's  obsns.  confirm.  Light-oscil- 
lations occupy  about  8  hours. 

7560.     Disc,  at  Boun,  1858.     9M.5  foil.  6",  0'.3  N. 

7571.  Disc,  by  Peters,  1867  ;  conf.  by  Parkhurst.  For 
stars  of  identification  see  A.N.  109  ;   121. 

7577.  Disc,  by  Peters,  1872  ;  conf.  by  Parkhurst.  For 
stars  of  identification  see  A.N.  109  ;  122. 

7609.     Disc,  by  Ceraski,  1878  ;  couf.  by  Knott. 

7659.     Disc,  by  Hind,  1854.     9M  pr.  5s,  3'.9  N. 

7733.  Disc,  by  Peters,  1884  ;  conf.  by  Parkhurst.  Pe- 
riod may  perhaps  be  412d,  or  double  that  of  the  Catalogue. 

7754.     Disc,  by  Gore,  1885  ;  couf.  by  Sawyer. 

7779.     Disc,  bv  Hencke,  1858.     Light-curve  flat  at  max. 


7783.     Susp.  by  Espin,  1890  ;  proved  by  Yendell  and  Reed. 

7787.     Disc,  by  Schmidt,  1876. 

7795.  Disc,  by  Safaris,  1885,  and  independently  by  Yen- 
dell, 1892;  conf.  by  Sawyer  and  Parkhurst.  Yendell 
thinks  period  is  about  470d. 

7803.  Susp.  by  Hind,  1848  ;  conf.  by  Argelander.  Ar- 
gelander's  period  of  432d  not  borne  out  by  Schmidt's  and 
other  obsns. 

7907.     Disc,  by  Peters,  1881  ;  conf.  by  Parkhurst. 

7909.     Susp.  by  Weiss  ;    proved   by  Holetschek.   1890. 

7944.  Disc,  by  Hind,  1863.  11M  pr.  13%  l'.o  N.  P.  A.  of 
DM.  is  68too  small. 

7994.     Disc,  by  Gould,  1884. 

8068.     Susp.  by  Fleming,  1891  ;  proved  by  Reed,  1893. 

8073.  Disc,  by  Goodricke,  1784.  The  variation  of  the 
period  indicated  by  the  elements  is  certain. 

8093.     Disc,  by  Gould,  1884. 

8153.  Disc,  by  DeichmOller,  1883  ;  conf.  by  Chandler. 
Increase  from  13Mto  10M  very  rapid.  9M.3  foil.  20%  2'.8  N  ; 
1 1M  foil.  7%  2'.8  N  ;   11" pr.  13%2'.5N. 

8230.  Disc,  by  Argelander,  1853.  Decrease  from  10"' 
rapid.     7*5  foil.  3P,4'N  ;   10"  foil.  9% 3' S. 

8273.  Disc. by  Schmidt.  1847.  Argelander  found  period 
41  days;  Schonfeld  thinks  irregular  oscillations,  in  period 
of  30-50  days,  more  probable. 

8290.  Disc,  by  Hind,  1848.  11"  foil.  10%  0'.2  N  ;  10\5 
pr.9%3'N. 

8373.  Disc  by  Marth,  1864  (?).  No  faint  stars  near. 
and  identification  easy.     Increase  from  II5'  rather  slow. 

8512.  Disc,  by  Harding,  1811.  Identification  easy.  In- 
crease from  10"  quite  rapid. 

8588.     Disc,  by  Gould,  1884. 

8591.  Disc,  by  Chandler,  1882;  conf.  by  Yendell  and 
Sawyer. 

8597.  Disc,  by  Peters,  1879  ;  conf.  by  Parkhurst.  For 
stars  of  identification,  see  A.N.  109,  123. 

8600.     Disc,  by  Pogson,  1853.     10M  pr.  0S.5,  0'.6  N. 


LIST   OF   UNCON 

The  following  list  is  to  a  certain  extent  heterogeneous, 
and  makes  no  pretension  to  completeness ;  that  is,  it  by  no 
means  contains  all  the  stars  which,  even  in  the  last  few 
years,  have  been  alleged  to  be  variable.  It  may  be  best 
described  as  a  list  of  stars  whose  variations  are  plausible, 
at  least,  and  therefore  which  require  the  attention  of  ob- 
servers. No  personal  opinion  is  implied,  or  should  be 
inferred,  as  to  the  variability  of  the  stars,  from  the  selection 
of  these  objects.  There  is  no  doubt  that  many  of  them  are 
variable,  and  that  some  of  them  are  not.  Of  the  former  class 
may  lie  mentioned  those  of  Gould  and  Sawyer,  whose  criti- 
cal authority  is  not  open  to  question.     In  this  connection  it 


FIRMED    STARS. 
may  be  mentioned  that  six  of  the  variables  of  the  Uranome- 
tria  Argtntina,  excluded  from  the  First  Catalogue,  merely 
for  want  of  independent  verification,  have  been  since  con- 
firmed, and  will  be  found  iu  the  preceding  Catalogue. 

With  regard  to  Espin's  and  Fleming's  stars,  a  watch  by 
independent  observers  shows  yet  no  trace  of  variation  in 
many  of  them.  1  do  not  presume  to  account  for  this  fact, 
but  mention  it  as  a  justification  for  adhering  to  the  rules. 
even  while  there  is  reason  to  regard  the  variability  of  many 
of  them  as  highly  probable.  Similarly,  the  particularity  of 
the  evidence  adduced  by  Roberts  for  several  of  his  stars, — 
including  apparently  well-determined  periods,  —  would  seem 
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to  entitle  the  results  of  this  industrious  observer  to  confi- 
dence. The  number  of  variables  of  short  period  announced 
by  him.  within  such  a  limited  time,  is  in  every  respect 
remarkable. 

Observers  may  he  embarrassed  in  identifying  some  of  the 
stars  by  means  of  the  positions  here  given.  In  many  cases 
discordant  data  have  been  published  in  different  places  by 
the  original  observer;  the  differences  sometimes  amounting 
to  several  minutes  of  arc;  for  instance,  (1018),  (2141), 
(3055),    (5174),    (6275),    (7139),    (8499),    (8594).     It  is 


hoped  that  this  unfortunate  want  of  care  will  disappear  in 
future  announcements.  It  lias  been  assumed  that  the  latest 
published  positions  are  more  nearly  correct. 

The  list  contains  also  four  stars,  — (1961),  (6088),  (6633), 
(7194),  —  which  have  heretofore  appeared  in  the  catalogues 
of  known  variables,  hut  which  subsequent  observation  has 
disproved,  or  rendered  extremely  doubtful. 

No  further  explanation  is  needed,  except  that,  in  the 
column  of  remarks,  the  abbreviations  Y.,  I'kt..  R.  and  C, 
stand  for  Ykndei.i.,  Parkhurst,  Reed  and  Chandler. 


No. 

Star 

185 
R.A.         | 

■>.o 

Decl. 

Supposed 
limits 

i  fbserver 

Remarks 

(   294) 

-  Cassiopeae 

h       m       s 

0  46  21 

0         / 

+  57  46.5 

M                 M 

8.4-   9..', 

Espin 

(   571) 
(  691) 
(1018) 

-  Ceti 

1  33     0 

—  7  21.6 

8.4-  9.2 

Safarik 

Period  over  4  raos.  ? 

-  Persei 

1  52     6 

+  56     2 

9.3-15 

Fleming 

V.  and  R.  do  not  confirm.     See  note 

-  Horologii 

2  48   12 

—50  32 

6.2-  9.7 

Fleming 

(1220) 

-  Camelopardalis 

3  19  53 

+  58     1.6 

8.5-10? 

Espin 

(1279) 

-  Camelopardalis 

29  23 

-62   10.4 

7.3-  8.8 

Fleming 

Y.  and  R.  do  not  confirm 

(1344) 
(1636) 

-  Persei 

3  41     9 

+  35   Hi. 7 

9-   ? 

Kam 

C.  found  it  iuvis.  1888  Apr.  and  Aug. 

-  Reticuli 

4  32     3 

—63     7.4 

5.8-  6.4 

v 

R.  says  period  probably  long 

(1662) 

-  Caelum 

35  80 

—38  31 

7.5-10.5 

Fleming 

(1709) 

-  Tauri 

42  20 

+  15  31.7 

8.0-  9.4 

Espin 

(1745) 

(R)Eridani 

48  48 

—16  39.3 

5.4-  6.0 

Gould 

S's  obsns.  show  no  change 

(1772) 

(S)Eridaui 

53   11 

—  12  45.1 

4.7-  5.7 

Gould 

S's       "          "       "       " 

(1801) 

-  Camelopardalis 

55  36 

+  68   18.7 

7.8-   ? 

Espin 

(1805) 

-  Orionis 

4  58  25 

+   3  54.1 

9-ii.r. 

Boss 

(1945) 

-  Orionis 

5  21  48 

—  4   49.1 

10.9-13< 

Safarik 

Near  S  Orionis 

(1948) 

31  Orionis 

22  22 

—   1    11.7 

4.7-  6 

Gould 

Gore's  obsns.  app.  conf.  ;  Y's  do  not 

(1961) 

8  Orionis 

24  36 

—  0   24. 6 

2.2-  2.7 

See  note 

(1988) 

-  Orionis 

29    - 

—  5  34 

See  note 

(2170) 

-  Leporis 

5  59  47 

—24  11.1 

6.7-  7.5 

Sawyer 

Period  69d.     See  note 

(2141) 

-  Octautis 

6   10  33 

—86  25.7 

7.4-<n.y 

Fleming 

(2305) 

-  Lyncis 

20  14 

+  58  50.6 

7.5-  9 

Kreutz 

C.  and  Y.  do  not  yet  confirm 

(24  1.-,) 
(2659) 
(2741) 

-  Mouocerotis 

6  45   17 

—  6  58.2 

8.8-10? 

Espin 

-  Canis  Majoris 

7  21     3 

—  11    15.9 

6.3 

Espin 

S.,  Y.  and  C.  find  star  constant 

(R)Puppis 

35   15 

—31   19.6 

6.5-  7.5 

Gould 

S.  and  C-  find  no  certain  var. 

(2788) 

(T)Puppis 

7  43  11 

—40   17.5 

6.5-  7.2 

Gould 

(2903) 

-  Caneri 

8     1    16 

+  19  50.0 

9.7-   ? 

Peters 

Pkt.  and  C.  cannot  yet  confirm 

(3055) 

-  Carinae 

28     8 

—58  44.1 

7.2-  8.0 

Roberts 

Period  6d.66.     See  note 

(3087) 

-  Veloruni 

32  58 

—46  51  3 

7.5-  8.5 

Roberts 

Period  4".  6 

(3197) 

-  Caucri 

8  50  23 

+  11   23.4 

8.5-  9.3? 

Baxendell, 

J1'- 

(3355) 

-  Carinae 

9   17  53 

— 55  20.5 

7.5-  8.5 

Roberts 

Period  4d.38 

(3614) 
(3911) 
(4364) 
(4429) 

(R)Velorum 

10     0  42 

—51   29.0 

6.5-  7.5 

Gould 

-  Carinae 

10  51   54 

—58  27.4 

6.7-  8-5 

Roberts 

Elements,  1892  Feb.  1  +  38". 6  E 

-  Muscae 

12     5     1 

—69  20.7 

6.5-  7.3 

Roberts 

Elements,  1892  Jan.  3.6  +  9d.66E 

-  Crucis 

15  42 

—60  49.5 

6.8-  8.0 

Roberts 

Elements,  1891  Dec.  25  +  5d.827E 

(4435) 

-  Cen  tauri 

16  48 

—48  38.2 

6-   ? 

Pickering 

(4495) 
(4611) 
(4856) 
(4905) 

j3  Corvi 
—  Crucis 

26  47 

—22  35.7 

Gould  and  Sawyer.     See  note                          _ 

12  45  49 

—57  38.5 

6.8-  7.6 

Roberts 

Elements,  1892  Jan.  2.4  +  4.84  IS 

-  Virginis 

13  26  58 

—12  28.0 

5.5-  6.5 

Schmidt 

U-A.  obsns.  confirm.  ;  S's  do  not 

-  Oanum  Venat. 

13  35  29 

+  29     6.7 

. 

Pickering 

20"  S.  of  center  of  neb.  G.C.  3636 

(5076) 

-  Bootis 

14     3  55 

+  10  30.1 

8.7-12 

Pogson 
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No. 

Star 

1855.0 
R.A.        |        Decl. 

Supposed 
limits 

i  ibserver 

Remarks 

h       in         b 

o          / 

M               M 

(5174) 

-  Virginia 

14  20  15 

+    5    19.3 

8.2-10.7 

Fleming 

See  note 

(5481) 

-  Librae 

15    11    15 

4-   2  36.9 

9.5-12 

Packer 

See  note 

(5511) 

-  Librae 

15  53 

—  22   24.2 

8.4-<ll 

Fleming 

(5626) 

-  Librae 

15  35   17 

—  10   27.7 

7.0-  8.8 

Weisse 

Per.  about  4  mos.     C's  obsns.  favor 

(5823) 

-  Normae 

16     6  52 

—57  32.1 

6.5-  7.4 

Roberts 

Period  9d.75 

(5949) 

-  Arae 

27  43 

—56  41.8 

6.9-  8.0 

Roberts 

Period  4d.422 

(6050) 

-  Scorpii 

45     7 

—44  51.6 

7-11.4 

Fleming 

(6088) 

(V)Herculis 

16  52  58 

+  35   17.4 

9.5-11.7 

Baxeudel] 

Removed  from  Catal.     See  note 

(6275) 

-  Octantis 

17     6  17 

—86  43.1 

8.2-<11.7 

Fleming 

(6470) 

-  Ophiucbi 

17  56     7 

+   2  30.5 

8.2-  8.8 

Safarik 

Period  58d.2 

(6502) 

o  Herculis 

18     1   54 

+  28  44.4 

3.4-  3.8 

Schwab 

See  note 

(6546) 

-  Sagittarii 

8     0 

—34     9.1 

6.2-  7.4 

Gould 

(6633) 

(V)Sagittarii 

22  54 

—18  21.5 

7.6-  8.8 

Quirling 

Removed  from  Catal      See  note 

(6749) 

-  Scuti 

18  42  28 

—  8     1.0 

7.1-  9.5 

Birminghi 

un  C's  obsns.  favor 

(6915) 

-  Sagittarii 

19     9  53 

—19   19.4 

9.4-10.1 

Safarik 

Near  <S'  Sagittarii 

(6943) 

-  Sagittae 

15    13 

+  17  23.1 

8.3-  9.9 

Espin 

Y's  and  C's  obsns.  favor  somewbat 

(7010) 

-  Sagittae 

26   15 

+  17  26.0 

6.3-<13 

Chandler 

See  note 

(7020) 

-  Sagittarii 

27   13 

—25     2.0 

5.2-  6.7 

Gould 

S's  few  obsns.  do  not  confirm 

(7139) 

-  Sagittarii 

46   54 

—29  34.0 

7.5-<12.6 

Fleming 

(7151) 

-  Sagittarii 

48  34 

—42  13.9 

8-<12.6 

Fleming 

(7182) 

-  Cygni 

55   18 

+30  25.6 

9-   ? 

Espin 

(7205) 

-  Cygni 

19  59     6 

+  36  24.8 

8.0-  9.2 

Espin 

(7240) 

-  Cygni 

20     4  55 

+  35  31.0 

8.5-  9.5 

Espin 

(7238) 

-  Cygni 

5     3 

+  47  25.4 

7.7-  8.9 

Espin 

C's  obsns.  do  not  confirm 

(7264) 

-  Sagittarii 

7  42 

—39  33 

7.7-10.7 

Fleming 

(7268) 

-  Capricorn  i 

8  37 

—21    45.6 

7.0-  7.7 

Safarik 

Secchi  and  Gore  also  suspect 

(7280) 

-  Cygni 

11    4  5 

+  39  54.9 

5.2-  8.0 

Espin 

Y's  obsns.  do  not  confirm 

(7279) 

-  Cygni 

1 1   53 

+  19  29.6 

8.7-  9.6 

Espin 

(7302) 

-  Capricomi 

14  28 

—16  28.2 

10.4-<12 

Pogson 

(7351) 

-  Cygni 

23  34 

+  39  29.9 

7.7-  9.2 

Espin 

Y's  obsns.  do  not  confirm 

(7194) 

(R)Cepliei 

34  37 

+  88  41.0 

5?-10? 

Pogson 

Removed  from  Catal.     See  note 

(7135) 

-  Cygni 

37  50 

+  46  30.1 

9.2-11.5 

Espin 

(7450) 

-  Aqnarii 

39  30 

+    1   54.6 

8.2-  9.0 

DeBall 

(7452) 

-  Cygni 

40   15 

+  40  33.7 

9.5-11 

Espin 

(7457) 

_  Aqnarii 

40  43 

—  4  35.8 

8.3-  9.6 

Fleming 

(7458) 

-  Delpliini 

41      1 

+  18  48 

9  ?-l  2  ? 

Fleming 

Y's  obsns.  do  not  yet  confirm 

(7481) 

-  Cygni 

15   13 

+  33  57.1 

7.9-  9.0 

Yendell 

(7502) 

-  Vulpeculae 

20  48  24 

+  27  30.5 

4.9-  6.4 

Yemlell 

(7579) 

63/2Cygni 

21      1   37 

+  17     3.9 

4.7-  6.0 

Espin 

See  note 

(77-4) 

-  Cygni 

21  35    16 

+  53  40.0 

7.5-  9.0 

Espin 

(800(1) 

-  Cepliei 

22   12  4  1 

+  56   15.7 

8.4-  9.5 

Krentz 

(8100) 

-  Cepliei 

28     3 

+  55  52.6 

5.8-  6.8 

Yemlell 

(8104) 

-  Aqnarii 

28   17 

—  8   20. 8 

9-11.5 

Hind 

See  note 

(si  06) 

-  Pegasi 

28  48 

f    8    14.0 

9.5-<13 

DeP.all 

(8116) 

-  Cepliei 

22  30  56 

+  57  40.7 

7.0-  8.0 

Espin 

"  Period  probably  short  " 

(84991 

104  Aqnarii 

23  34   14 

—  18  37. -J 

4.7-  5.1 

Jones 

Period  19d.6.     See  note 

(8528 ) 

19Piseium 

39     o 

+   2  40.8 

4.8-  6.0 

1  rOUld 

See  note 

(8594) 

-  Tucanae 

50     0 

—66   11 

10.2-<12.6 

Firming 

(8617) 

-  Cassiopeae 

53  54 

+  59  33.1 

8-9   ? 

Secchi 

See  note 

(5) 

-  Ceti 

23  58  30 

—15   14.3 

6.5-9 

Tacnbaya 

Observatory 
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Notes  to  List  of  I 

(691).  The  letter  V,  which  :ii  one  time  seemed  justified 
(see  A.J.  XIII,  18),    must  be  withheld  for  the  present. 

( 1961 ).  After  careful  consideration  of  all  the  facts,  this 
star  has  been  removed  from  the  Catalogue.  Neither  Saw- 
yer, Yendkll,  nor  Chandler  fiods  the  slightest  variation, 
so  thai  the  star,  even  if  variable  at  times  with  in  the  range  <>f 
accideutal  error  of  obsn.,  must  beloug  to  that  large  class  of 
similar  objects,  which  for  the  present  do  not  seem  to  belong 
properly  among  the  recognized  variables. 

(1988).  There  are  several  stars  in  the  great  nebula  in 
Orion,  which  have  been  strongly  suspected,  01'  alleged  to  be 
variable.  Only  one  of  these,  1986  T Ononis,  appears  yet 
to  have  been  sufficiently  confirmed  to  enter  into  the  Cata- 
logue. Schmidt  also  found  evidence  of  var.  in  B  74 (>  and 
!'>  784  ;  but  my  careful  watch  of  these  iu  1883-84,  resulted 
in  no  certain  confirmation  of  their  var.  Stone  has  carefully 
observed  the  region  for  several  years,  and  finds  probable 
fluctuation  in  57f>,  589,  622  and  647.  He  also  confirms 
Holden's  suspicions  as  to  641.  Stone  also  finds  that  the 
relative  brightness  of  612  and  618,  and  of  671  and  676, 
seems  to  be  variable.      But  he  finds  675  invariable. 

(2170).  The  fact  that  Sawyer  has  never  announced  a 
star  as  variable  which  has  not  proved  to  be  so,  gives  reason 
to  regard  the  variability  of  this  star  as  certain.  But  since 
it  has  not  been  observed  by  any  one  else,  the  letter  must  be 
withheld. 

3055?  This  star  cannot  be  certainly  identified  on  account 
of  diverse  data  given  by  Roberts,  who  identifies  it  with 
Lac.  3393  [(1855)  8h  25'"  46s,  —59°  38'. 3],  but  also  gives 
a  chart  putting  it  at  about  (1855)  8h26m±,  —  58°40'±. 
On  the  other  hand,  the  identification  by  Pickering,  A.J. 
XIII,  79,  agrees  with  neither  place,  and  seems  improbable 
from  the  magnitude,  9,  assigned  in  the  Cord.  Z.  Catal.  The 
singular  confirmation  by  the  H.  C.  O.  photographs  of  the 
variation  of  a  star  apparently  not.  the  variable,  is  thus  un- 
accounted for. 

(4495).  From  Gould's  and  Sawyer's  evidence,  the  var. 
of  fi  Corvi,  by  a  magnitude,  seems  certain,  but  it  seems  best 
u>  await  other  confirmation,  in  so  difficult  a  case,  before  in- 
serting it  iu  the  Catalogue. 

(5174).  This  star,  which  Hartwig  calls  WBootis,  is  not 
in  Bootes,  but  in  Virgo  (see  A.J.  XIII,  13),  nor  has  its  vari- 
ation been  yet  confirmed,  to  my  knowledge. 

(5481).  Packer  says  two  stars  in  5  M.  Librae  are  vari- 
able.    For  description  and  particulars,  see  A.N.  125,  157. 

(6088).  This  star  has  been  taken  out  of  the  Catalogue. 
It  was  inserted  as  V Herculis,  in  one  of  the  V.J.S.  ephem- 
erides  many  years  ago,  but  I  know  of  no  evidence  of  var. 
beyond  a  single  obsn.  of  Baxendell.     On  the  other  hand, 


NCONFIRMED    STABS. 

in  a  continuous  watch  of  it  for  two  years,  and  occasionally 
in  other  years,  I  found  its  light  absolutely  constant.  Park- 
HURSt's  obsns.  give  equally  good  evidence  to  the  same 
effect  :   and  Yi.ndki.i.'s  also  lead  to  the  same  (-(inclusion. 

(6502).  Schwab  in  1878  thought  variable  by  0\3  or 
0M.4,  in  period  of  0.\  days.  Chandler  several  years  prev- 
iously had  thought;  the  relative  difference  between  o  and 
£  Herculis  to  be  variable.  Oodemans  had  also  noticed  that  the 
difference  between  0  and  o  was  different  from  that  assigned 
by  Arg  inlander's  obsns.  Hagen,  also,  thought  o  slightly 
var.  See,  too,  Wolfe's  Photom  Unters.  and  Safarik's  re- 
marks, V.J.S.  XVII.  93. 

(6633).  Removed  from  the  Catalogue  for  the  reasons 
given  in  the  note  to  (f 961) ,  which  apply  here  equally. 

(7010).  I  have  given  the  evidence  which,  it  seems  to 
me,  render  the  variability  almost  certain,  in  the  Science 
Observer.  Nos.  43-44,  Vol.  IV.  It  lies  0\7  foil,  north  2'.2, 
DM.  +17.3997.  I  have  looked  for  it  at  least  fifty  times 
unsuccessfully,  when  it  must  have  been  below  13. 

(7194).  Removed  from  the  Catalogue  for  the  same 
reasons  as  given  for  (19611  and  (6633). 

(7458).  Hartwig  calls  this  star  U  Delpli  'mi.  But,  even 
if  its  variation  be  confirmed,  this  is  a  wrong  designation,  for 
there  is  already  a  star  bearing  this  letter.  See  supplement 
to  1st  Catalogue,  A.J.  no.  216. 

(7579).  Espin  alleges  as  variable  from  4.7  to  6.0,  in 
long  or  irregular  period  ;  but  my  observations,  some  of  them 
nearly  coincident  in  date  with  his,  contradict  them  and  give 
no  support  to  the  idea  of  fluctuation.  Sawyer  also  thinks 
the  star  is  constant.     It  is  very  red  and  difficult  to  observe. 

(8101).  Suspected  by  Hind,  having  been  estimated  by 
him  as  9M.5,  but  generally  as  11M.  Argelander  thought  it 
not  variable,  but  Schonfeld  was  inclined  to  think  var.  not 
improbable.  Knott's  observations  in  1884  gave  11M.7.  My 
observations  too  few  to  decide. 

(8499).  Jones  of  Haverford  College  observed  several 
max.  and  min.  giving  the  period  19d.6.  From  the  place  he 
gives,  there  remains  a  doubt  whether  the  star  observed  was 
103  or  104  A  Aquarii. 

(8528).  Gould  was  inclined  to  suspect  variability,  and 
obsns.  of  Gore,  Espin  and  Markwick  seem  to  favor.  Saw- 
yer's and  mine  do  not  confirm,  and  I  am  strongly  of  the 
opinion  that  the  red  color  is  reponsible  for  much,  if  not  all, 
of  the  observed  contradiction  in  the  estimates. 

(8617).  Secchi  marked  this  as  "  var.?"  My  own  obsns. 
in  1875  led  ine  independently  to  suspect  it,  at  first;  but  I 
afterwards  concluded  that  the  trouble  lay  entirely  in  the 
difficulty  of  estimating  properly  this  very  red  star  so  close 
to  a  bluish  companion. 
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NOTE  ON  THE  PERTURBATIONS  OF 

AND  ON  BRUN 

By  A. 

Tlie  orbit  of  this  planet  lies  near  the  inner  edge  of  the 
ring  of  asteroids,  with  an  inclination  of  six  degrees  to  the 
ecliptic,  and  an  eccentricity  of  0.157.  The  perturbations  by 
Jupiter,  the  great  disturber  of  these  bodies,  are  small.  The 
theory  of  Flora  is  one  of  the  easiest  of  the  asteroids,  and  it 
is  the  first  for  which  tables  were  computed.  This  was  done 
by  Professor  Bkunnow.  and  the  tallies  were  printed  in  1855. 
BrOnnow's  elements  depend  on  five  normal  places,  1848  to 
1852.  and  in  one  of  the  normals  there  remains  a  residual  of 
\" .-'■.  In  1888  the  differences  between  computation  and  ob- 
servation were 

zia  —  — 8S.76;         J8  =   +.')!". :. 

It  is  remarkable.  I  think,  that  elements  and  tables  deduced 
from  so  short  an  interval  should  have  satisfied  the  observa- 
tions so  well  for  nearly  fort*  years. 

These  tables  have  another  interest  on  account  of  the  dis- 
pute about  the  theory  employed  by  BrOnnow  in  their  con- 
struction. This  dispute  was  carried  on  in  a  furious  manner 
by  Professors  Hansen  and  Excke  in  the  AstronomiscJte  Nach- 
riehten,  nos.  1002  to  1165. 

In  the  Monthly  Notices,  vol.  52,  no.  9.  Mr.  A.  M.  W.  Down- 
ing has  compared  BrOnnow's  tables  with  the  observations 
from  1865  to  1888.  and  has  corrected  the  assumed  elements 
by  the  method  of  least  squares.  In  this  way  he  finds  lame 
residuals  in  the  normals,  one  of  them  amounting  to  43". 9. 
Mr.  Downing  then  proceeds  to  correct  BrOnnow's  coefficients 
for  the  perturbations  of  the  longitude  by  an  empirical 
method,  and  obtains  a  good  representation  of  the  normals  ; 
and  the  corrected  tables  will  probably  satisfy  the  observa- 
tions for  some  time.  This  method  of  correction  appears  to 
be  similar  to  that  adopted  by  Sir  GEORGE  Airt  for  the  lunar 
theory.  It  assumes  that  all  the  disturbing  forces  have  been 
considered,  and  that  the  coefficients  of  the  perturbations  have 
the  right  form.  BrOnnow  computed  the  perturbations  of 
the  first  order  by  Jupiter  and  Saturn,  and  I  doubt  if  his  co- 
efficients  are  subject  to  such  large  corrections  as  Mr.  Down- 
ing applies,  almost  wholly  it  will  be  noticed  to  the  ./ 
perturbations.  It  is  more  probable,  I  think,  that  the  differ- 
ences from  the  tables  are  caused  by  disturbing  forces  neg- 
lected by  Brunnow,  and  especially  from  the  second  order 
terms  of  Jupiter. 


FLORA    BY   MARS  AND   THE  EARTH, 
NOWS    TABLES, 

HALL. 

In  order  to  see  what  terms  are  produced  by  the  action  of 
Mars  and  the  Earth,  I  have  computed  the  perturbations  by 
these  planets,  using  the  formulas  of  Laplace  (Micaniqui 
Celeste,  art.  50,  Livre  II) .  This  method  is  not  so  complete 
as  that  of  Hansen,  and  takes  account  of  terms  of  the  first 
order  only  with  respect  to  the  inclination  and  eccentricity. 
But  it  is  easy  of  application,  and  for  these  planets  terms  of 

1  the  higher  orders  which  have  small  divisors  will  have  long 
periods,  and  their  effect  will  unite  with  the  elements  com- 
puted from  the  observations.  The  following  are  the  ele- 
ments used  : 


Flora 
m  =  0 

n  =  1086".3382 
log  a  =  0.34  2  694 
"  <r  =  9°  0'  54",4 


Mars 

n'  —  1886",6558 
loga'  =  0.182  896 
<?'  —  5°  21'4".5 


Earth 

m     =   TS5  h 

■>,'  =  3548".1926 

loga'  =  O.OOOOdo 

p'  =  0°57'39".5 


The  ratios  of  the  mean  motions  give. 
Flora  and  Mars. 


fL   =  0.57580 

5/i  =  2.87! 

2/i  =  1.15160 

6/i  =  3.45480 

3/t  =  1.72740 

7/*  =  4.03060 

4/t  =  2.30320 

The  smallest  divisors  will  occur,  therefore,  for 

1  —  2/i  =  — 0. 1 5 1 6.     and  for     4  —  7/t  =  —0.0306. 

The  last  will  be   found  with  terms  of  the  third  order,  but 
may  produce  sensible  coefficients. 

Flora  and  Earth. 


/x  =  0.306167 
2/x  =  0.61^3:>1 
3.y  =  0.918501 
4/i  =  1.224668 


5/i  =  1.5; 

6/i  =   1.837002 
7/i  =  2.143169 


In  this  case  the  smallest   divisor  is  of  the  second  ii 
1  —  3/1=  +0.081499. 

The  following  table  contains  the  logarithms  of  the  Laplai  :b 
coefficients  l>^„  and  their  derivatives;  a  denoting  the  ratio 
of  the  mean  disl        es 
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Fliirn  :iinl  Mars. 

Flora  and  Earth 

£ 

log  h,.. 

log,, 

da 

lo<£  a           l/i 

log6{« 

1„,,. 

da 

logo 

da- 

da' 

0 

0.36896 

9.99484 

0.474  24 

0.32576 

9.  12699 

9.62550 

1 

9.94198 

0.15464 

0.45908 

9.69439 

:i.7()!)69 

9. 53 1'7  2 

2 

9.6(;:n'5 

0.10227 

0.52625 

9.23098 

it. 57563 

9.75594 

3 

9.43658 

0.01102 

0.55286 

8.81126 

9.31948 

9.69849 

4 

9.22272 

9.902i8 

0.54355 

8.411*7 

9.03819 

9.56508 

5 

9.01980 

9.78336 

0.50826 

8.02429 

8.74318 

9.38125 

6 

8.82424 

9.65775 

0.45407 

7. 64  4. 55 

s.l  .-.950 

9.16645 

7 

8.63377 

9.52736 

0.3S574 

7.27011 

•s.  12983 

8.93077 

8 

8.44712 

9.39337 

0  30649 

6.89H74 

7.81578 

8.68004 

Denoting  by  I  and  I'  the  mean  longitudes  of  Flora  and  the  disturbing  planet,  we  have  the  following  inequalities  in  the 
longitude  and  radius  vector. 

Inequalities  by  Mars. 

dv  =  +0.58  sin(Z'— 7)  —0.26  sin2(Z'—  I)  —0.04  sin3(7'— 7) 
+  0.09  siu(7'— tt)  —  0.05  sin(2Z'— I—  n) 

—0.36  sin(2Z— V—  n)       +0/30  sin(2Z— V— n') 
—  1.52  sin(3Z— il'— a)      +0.69  sin(3Z—  2V— n') 
+  0.71  sin(4Z—  31'— n)     —0.32  sin(4Z— 3Z'— n') 
+  0.07  sin(57— 4Z'— «)     —0.03  sin(5Z— 4Z'— »') 
8r  =   +0.00000039—0.00000170  cos   (I'—l)  +0.00000182  cos2(Z'— Z) 
+  0.00000037  cos3(Z'— 7)  +0.00000013  cos4(7'— 7) 
+  0.00000006  cos5(Z'—Z) +0.00000003  cos6(7'— 7) 
— 0. 00000041    cos(7'— it)  —0.00000008  COS(Zf— «') 

+  0.00000023  cos(27'— 7— n) 
+  0.00000003  c-os(3Z'—  2Z— n) 

+  0.00000120  cos(2Z— V— n)  —0.00000124  cos(27— V-n') 
—0.00000472  cosCSl— -21'— tt)  +0.00000201  cos(3Z— 27'— tt')  * 
+  0.00000430  cos(4Z— 3Z'— n)  —0.00000192  cos(4Z— 3Z'— n') 
+  0.00000053  cos(5Z— 47'— n)  —0.00000024  cos (57— 47'— tt') 
+  0.00000024  cos(67— 57'— tt)  —0.00000008  cos(6Z— 5Z'— n') 
+  0.00000008  cos(7Z— 6Z'— tt)  —0.00000004  cos(7Z— 6Z'— n') 
+  0.00000004  cos(87— 7Z'— Tt)    —0.00000002  cos(87—  77'— tt') 

Inequalities  by  Earth. 

dv  =   +0.26  sin(7'— 7)  —0.02  sin  2(7'— 7) 

—0.13  sin(2Z— V— tt)     —0.10  sin(2Z— V— n) 
dr  =   +0.000002  71  +0.00000344  cos(7'— 7)  +0.00000024  cos  2  (7'— I) 

—0.000  00042  cos(Z'— Tt) 

+  0.000  00237  eos(27— V— n)  —0.00000065  cos(27— 7'— tt') 

+  0.000000  31  cos(37— 2Z'— n) 

The  inequalities  of  these  planets  will  cause  an  error  there- 
fore of  but  a  few  seconds  of  arc  in  the  heliocentric  longi- 
tude. It  is  possible  that  terms  depending  ou  the  square  of 
the  mass  of  Jupiter  may  become  important  after  the  lapse 
of  twenty  or  thirty  years  ;  and  as  Flora  is  one  of  the  aste- 
roids that  can  approach  near  the  Earth,  or  to  a  distance  of 
about  0.85,  and  may  be  useful  in  some  investigations,  it 
would  be  well  if  the  complete  theory  of  this  planet  could  be 
computed  according  to  the  method  of  Hansen, 

In  no.  1165  of  the  Astronomische  Nachrichten  the  accom- 
plished Editor  of  that  Journal  has  given  his  opinion  of  the 
dispute  between  Hansen  and  Encke  ou  the  tables  of  Brun- 
now.     He  reproaches  the  distinguished  combatants  for  vio- 

1893  July  1. 


lating  the  maxim  of  Horace,  "  dklicisse  Jideliter  artes  emollit 
mores,  nee  sinit  esse  feros,"  and  condemns  the  duration  and 
style  of  the  contest,  as  well  as  the  trifling  character  of  the 
question.  His  opinion  is  in  favor  of  Encke.  The  dispute 
is  chiefly  about  the  constant  f/,  which  Laplace  adds  to  his 
integral  JdR,  and  of  which  he  determines  the  value  in  art. 
50,  Livre  II.  This  has  been  called  L ' la constante  surabon- 
dante,"  or  " eine  iiberzahlige  Constante;"  since  it  is  an  ad- 
dition to  the  six  constants  introduced  by  integrating  the 
equations  of  motion.  Very  likely  it  is  true  that  the  theory 
adopted  by  Brunnow  will  produce  no  serious  error  in  forty 
or  fifty  years,  but  the  method  which  Hansen  gives  in  his 
"Anseinandersetzung"  seems  to  me  correct. 
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NOTES   OX   DOUBLE   STARS  (III), 

By  A.   HALL. 


.£1819. 
This  star  is  an  easy  object  to  observe,  but  there  is  still 
some  doubt  about  its  motion.     My  results  favor  its  being  a 
binary,  anil  indicate  that  the  angular  motion  will  increase. 

samp  =   +0".739—(0".0132)  •[«— 1860.0] 

— (0".000151  )  •  [(-1860.0]2 

scos;>  =  +  0".954  +(0".0224)  •  [t— 1860.0] 

—  (0". 000  245)  •  [<— 1S60.0]2 


c— o 

Date 

P 

V 

Jx 

jy 

0 

It 

tt 

t 

it 

it 

1830.89 

84.81 

0.985 

+  0  981 

+  0.089 

+0.017 

—0.1 

1842.37 

63.44 

1.079 

0.965 

0.482 

—0.050 

+  0.001 

1852.88 

18.32 

1.992 

0.816 

0.726 

+  (l.0O!) 

+  0.057 

1864.75 

31.47 

1.254 

0.655 

1.070 

+  0.018 

-0.016 

1874.75 

21.87 

1.356 

0.505 

1.258 

+  0.006 

-0.027 

1881.26 

16.23 

1.430 

0.400 

1.369 

—0.010 

—0.050 

1884.45 

13.54 

1.4  20 

0.332 

1.381 

—0.006 

—0.025 

1886.91 

11.68 

1.334 

+  0.2  70 

+  1.306 

+  0.005 

+  0.074 

2'  1888. 
This  fine  star  promises  to  be  an  interesting  object,  and 
deserves  the  attention  of  observers.  The  distance  has 
diminished  one-half  within  sixty  years,  and  the  angular  mo- 
tion has  increased,  so  that  after  a  few  years  we  may  have 
data  for  a  fair  determination  of  the  orbit.  The  components 
are  bright,  and  the  observations  show  great  differences, 
which  may  account  for  the  large  residuals  in  y  ;  but  a  part 
of  this  result  may  come  from  the  insufficiency  of  the  assumed 
formula  for  the  rapid  motion  in  this  coordinate. 

ssinp  =  —4". 674  — (0",00088)  •  [t— 1860.0] 
+  (0".001614)  .  [t— 1860.0]' 

scosp  =   +3". 410  — (0".12781)  .[t— 1860.0] 

— (0".000  727)  •  [t— 1860.0]-' 


Date 

/' 

s 

X 

V 

C— 0 

Jx 

Ay 

O 

n 

« 

a 

B 

H 

1830.93 

■i:\-l. :,-i 

7.178 

—3.312 

+  6.368 

+  0.031 

+  0.143 

1835.  13 

.■i-J.s.>.s    7.1  7c 

3.654 

6.053  —0.021 

+  0.0.-.7 

1841.39 

323.78   7.030 

4.154 

5.672 

+  0.058 

—0.145 

1847.56 

318.77   6.622 

4.364 

4.980 

—0.036 

—0.093 

1853.52 

313.75  6.250 

4.515 

4.322 

—0.0821  —0.115 

1861.99 

305.27   5.651 

4.614 

3.263 

—0.053  —0.110 

1867.20 

297.92   5.278 

4.664 

2.471 

+  0.071   —0.019 

1873.54 

287.32  4.612 

4.403 

1.373 

+  0.016:  +0.171 

1877.73 

280.43  4.284 

4.213 

0.776 

+  0.033   +0.139 

1881.46 

272.32   3.986 

3.983 

+  0.161 

+  0.036    +0.171 

1884.45 

265.40 

3.710 

3.698 

—0.298 

—0.030 

+  0.148 

1889.96!247.54 

3.296 

—3.218 

—0.711   —0.030 

—0.361 

but  the  following  results  indicate  that  it  is  a  binary.  If  the 
early  observations  of  HeesCHEL  are  correct  the  period  is 
about  260  years.     This  star  deserves  attention. 

,s.  siu2)  =  —3". 962  — (0".03402)  •  [7— 1860.0] 

+  (0".000813)  •  [t— 1860.0]8 

.scosy.  —  —2". 411  — (II". 01007)  •  [t— 1860.0] 

+  (0".0()0  498)  .  [« — 1860.U]- 


2  1909. 
The  motion  of  this  star  is  very  slow,  and  my  measures  of 
it  weii-  made  for  comparison  with  those  of  other  observers; 


Date 

P 

s 

X 

V 

C— O 

Jx 

Jy 

1832.24  233.90 
1841.77  236.17 
1850.01  237.30 
1862.31  238.70 
1872.67  240.49 
lS88.i;i  241.58 

2.863 

3.863 
4.186 

4.691 
4.801 
4.896 

— 2313 

3.209 
;;.:.2:i 
4.008 
4.178 
— 4.306 

—1.687 
2.15] 

2.261 

2.437 

2.365 

—2.330 

—0.078 
+  0.137 
—0.018 
—0.029 
—0.084 
+  0.036 

—0.058 
+  0.090 
+  0.001 
+  0.006 
!  —0.094 
+0.061 

£1932. 

In  this  case  the  motion  is  nearly  represented  by  a  right 
line.  This  star  needs  occasional  observation,  and  a>  tin- 
distance  is  diminishing,  the  character  of  the  motion  will 
soon  be  decided. 

ssinp  =  — 1".216  +(0".01537)  •  [t— 1860.0] 
+  (0".000021)  ■  [t— 1860.0]'-' 

scosp  —  +0".378  +(0".009  89)  ■  [t— 1860.0] 
+  (0".000  036;  ■  [t— 1860.0J* 


C— O 

Date 

P 

y 

ax 

Jy 

1830.28 

273.71 

1.622 

—  1.619 

+  0.105 

—0.035 

+  0.011 

1844.98 

280.12 

1 .557 

1.533 

0.274 

+  0.091 

—0.037 

1852.94 

282.31 

1.380 

1.348 

0.294 

+  0.024 

+  0.016 

1859.84 

287.78 

1.164 

1.108 

0.355 

—0.110 

+  0.O-J  1 

1868.20 

293.56 

1.192 

1.093 

0.476 

+  0.004 

—0.0  If. 

1874.40 

2  9  !.:>  6 

1 . 1 1  .r. 

0.988 

0.516 

—0.003 

+  0.011 

1879.52 

302.31 

1.103 

0.932 

0.590 

+  0.024 

—0.005 

1885.47 

308.94 

1.042 

—0.810 

+  0.655 

—0.001 

—0.002 

Z 1938. 
This  star  is  undoubtedly  a  binary  of  long  period,  but 
although  217°  of  apparent  angle  have  been  described,  the 
parabolic  formulas  satisfy  the  observations  fairly  well. 
The  stars  passed  their  periastl'OD  about  I860.  This  system 
is  the  more  interesting  since  it  seems  to  be  connected  physi- 
cally with  fj.'  Boot  is,  distant  108".  Then-  is  a  typographical 
error  in  my  angle  of  n',  which  should  be  171°.42,  for 
1881.45. 

sainp  —  _ 0".217  +(0".02743)  •  [«— 1860.0] 

+  (0". Odo  274)  •  [/—I  - 

scosp  =  — 0".363  — (0".021  35)  ■  [t— 1860.0] 

+  (0".000911)  ■  [t— 1860.0]'- 
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C— 0 

Date 

P 

s 

X 

y 

Jx           Jy 

0 

a 

a 

a             a 

1830.12 

323.42 

1.273 

—0.759 

+  1.022 

—0.033    +0.066 

1840.49 

307.64 

0.857 

0.679 

4  0.523 

+  0.141 

—0.122 

1851.43 

267.41 

0.469 

0.469 

—0.021 

+  11.037 

—0.092 

1862.68 

•2d.",,  ss 

0.507 

—0.205 

+0.064 

+  0.051 

1870.24 

165.65 

0.596 

f0.148 

0.577 

— 0.055 

+  0.091 

1876  s7 

138.61 

0.696 

0.460 

0.522 

—  0.1  3  6 

+  0.058 

1886.97  106.16 

0.668 

+  0.642 

—  0.186 

+  0.H80 

—0.090 

OT  298. 
A  plot  of  the  following  coordinates  of  this  star  shows  a 
very  eccentric  orbit,  with  .a  period  of  about  70  years, 
observations  should  be  continued. 


The 


Date 

P 

s 

X 

y 

1846.16 

184 

74 

1.306 

— o"l08 

—1.301 

1865.81 

207 

71 

0.898 

0.418 

0.795 

1874.30 

249 

73 

0.482 

0.452 

—0.167 

1878.86 

321 

9  7 

0.245 

0.151 

+  0.193 

1881.41 

355 

49 

0.347 

—0.027 

+  0.346 

1887.50 

142 

13 

0.393 

+  0.241 

—0.310 

1891.48 

167 

41 

0.683 

+  0.149 

—0.667 

22021. 
This  easy  double  has  been  observed  since  the  time  of 
Herschel.  The  motion  is  very  slow,  and  the  observations 
can  be  nearly  satisfied  by  a  right  line,  but  there  is  a  little 
evidence  that  this  star  is  a  binary  of  long  period.  It  needs 
occasional  observation. 

ssinp  =  — 2".141  +  (0". 005 95)  •  [t— 1860.0] 

+  (0".0001213)  •  [t— 1860. 0]2 

scosp=  +2".933  +(0".02070)  •  [t— 1860.0] 

—  (0". 000062  0)  ■  [I— 1860.0]- 


Date 

C— O 

P 

s 

y 

Jx 

Jy 

0 

it 

it 

a 

It 

II 

1832.70 

316.55 

3.199 

—2.200 

+  2.322 

—0.013 

0.000 

1842.82 

318.92 

3.400 

2.234 

2.563 

+  0.027 

—0.004 

1856.56 

322.94 

3.564 

2.148 

2.844 

—0.012 

+  0.017 

1870.02 

326.71 

3.739 

2.052 

3.126 

—0.017 

+  0.008 

1875.91 

328.42 

3.850 

2.016 

3.280 

+  0.001 

—0.034 

1882.46 

329.74 

3.923 

1.977 

3.389 

+  0.031 

-0.022 

1884.47 

330.42 

3.897 

1.924 

3.389 

+  0.002 

+  0.014 

1887.48 

331.46 

3.908 

—  1.867 

+  3.433 

—0.018 

+  0.022 

22106. 
The  observations  of  this  star  are  few,   and   rather  dis- 
cordant.    The  evidence  of  curvature  is  slight,  but  probably 
it  is  a  biliary.     It  should  be  observed,  but  has  now  become 
difficult  from  the  diminution  of  the  distance. 


,>sinp  =  — 0".386  +(0".001  18)  ■  [t— 1860.0] 

+  (<)". 000  037  1)  •  [<— 186O.0]2 

scosjp  =   +0".570— (0".009  89)  ■  [t— 1860.0] 

+  (0".000  037  8)  ■  [t— 1860.0]2 


Date 

C— O 

P 

y 

Jx 

Jy 

c 

II 

// 

a 

II 

If 

1827.31 

337 

33 

1.016 

—0.392 

+  0.93,8 

■i  D.D07 

+  0.095 

1843.44 

332 

84 

0.838 

0.380 

0.741 

—0.016 

+  0.003 

1860.00 

324 

S5 

0.670 

0.386 

0.548 

0.000 

+  0.022 

18  78.118 

320 

13 

0.594 

0.381 

0.456 

+  0.030 

—  0.060 

1885.52 

314 

34 

0.430 

—0.308 

+  0.301 

—0.024 

—0.04  2 

22107. 
This  star  is  a  binary,  and  should  be  observed. 

ssinp  =  — 0".091  — (0". 01 7 08)  ■  [t-  1860.0] 

+  (0". 0002132)  •  [t— 1860.0]- 

scosp  =  — 0".885  +  (0".014  48)  •[«— 1860.0] 

+  (0". 0004089)  •  [t— 1860.0]2 


Date 

C— 0 

P 

y 

Jx 

jy 

o 

// 

II 

n 

n 

a 

1829.91 

148.45 

1.127 

+  0.590 

—0.960 

+  0.025 

+  0.009 

1841.18 

162.49 

1.113 

0.335 

1.061 

—0.028 

+0.048 

1851.70 

174.17 

0.845 

+  0.086 

0.841 

—0.020 

—0.136 

1864.20 

189.13 

0.862 

—0.137 

0.851 

—0.022 

+  0.032 

1876.09 

211.02 

0.798 

0.41) 

0.684 

+  0.100 

+  0.138 

1880.56 

224.38 

0.491 

0.343 

0.351 

—0.027 

—0.063 

1888.60 

254.22 

0.375 

—0.361 

—0.102 

—  0.044 

-0.035 

2"2120. 
The  motion  of  this  star  is  nearly  rectilinear,  but  my  re- 
sults indicate  a  small  curvature.  The  observations,  how- 
ever, are  discordant  for  such  an  easy  object.  Several 
astronomers  have  discussed  this  motion,  and  an  ellipse  has 
been  computed  in  order  to  satisfy  Hekschel's  observation 
of  1783,  but  this  observation  can  not  be  trusted  for  such  a 
result.  A  few  more  observations  ought  to  determine  the 
character  of  this  motion. 

ssiup  =  — 2".602  -(()".  106  80)  ■  [t— 1860.0] 

—  (0". 000  086  0)  •  [t— 1860. 0]2 

scosp=   +0".742  — (0".  105  13)  ■  [t— 1860.0] 

—  (0".000138  1)  •  [t— 1860. 0]2 


Date 

C— 0 

P 

s 

y 

Jx 

Jy 

1833.25 

3?64 

ii 
3.445 

+  0.219 

+  3.438 

—0.026 

+  0.017 

1841.82 

344.99 

2.770 

—0.717 

2.675 

+  0.029 

—0.068 

1S51. 38312. 65 

2.318 

1.705 

1.570 

+  0.018 

+  0.068 

1862.68  278.80 

2.960 

2.925 

+  0.453 

+  0.042 

+  0.013 

1871.24  263.82 

3.718 

3.696 

—0.4  00 

—0.117 

—0.057 

1880.56 

253.03 

5.113 

4.890 

1.4  92 

+  0.056 

+  0.015 

1887.53 

248.05 

6.045 

—5.607 

—2.260 

0.000 

+  0.003 

1893  July 
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On  the  day  of  publication  of  no.  "299,  notices  were  re- 
ceived of  the  discovery  at  numerous  places,  on  July  8  and 
9,  of  a  comet  visible  to  the  unaided  eye  in  the  constellation 
Lynx. 

The  earliest  determination  of  position,  which  was  re- 
ceived, was  made  by  Mr.  Quenisset,  at  Juvisy,  and  tele- 
graphed by  Prof.  Krueger  to  Mr.  Ritchie. 


COMET  h  1893. 

July  9.592  Greenw.  M.T.  a 


July  9.368  Greenw.  M.T.  a  =  7"  50" 


8=  +  48°  10' 


These  facts,  communicated  by  Mr.  Rrr<  hie.  were  incorpo- 
rated in  a  supplement  to  no.  299,  which  was  inclosed  with 
it  to  astronomers  in  this  country. 


Many  announcements  of  the  discovery  on  July  9  were 
received,  and  others  were  reported  by  the  newspapers,  but 
without  observations  of  position. 

The  earliest  American  observation  received  was  by  Prof. 
Boss,  who  had  independently  detected  the  comet  at  Albany, 
and  as  his  telescope  had  not  yet  been  mounted  in  the  new 
observatory,  determined  the  position  by  the  aid  of  a  -mall 
comet-seeker  and  an  improvised  ring-micrometer. 


7b  56m  Is     6=:  +  48°  3' 


From  this  position,  t    i  with  another,  similarly  ob- 

tained the  next  evening,  and  a  third,  simply  estimated  July 
11,  after  temporary  view  in  a  gap  between  eloii']>.  Prof. 
Boss  at  ouce  deduced   provisional   elements,  which  with   the 

resultant  ephemeris,  were  distributed  July  13  by  Mr.  Ri e 

in  Special  Circular  no.  101  of  his  Science  Observer.  Prof. 
Boss  estimated  the  comet  as  of  the  brightness  of  a  3"  or  4" 
star-,  with  strong  central  condensation  and  a  tail  4°  loi 

Improved  elements  and  ephemeris  were  obtained  by  Prof. 
Boss  a  few  days  later  employing  observations  which  had  ar- 
rived in  the  meanwhile  ;  and  these  were  similarly  distributed 
July  19.  in  Science  Observer  Circular  no.  102. 

Elements  and  ephemeris,  derived  from  his  own  observa- 
tions, were  sent  on  the  same  day  by  Prof.  Porter  of  Cin- 
cinnati :  so  that  notwithstanding  the  inevitable  delay  of  this 
present  number,  ephemerides  have  been  at  the  disposal  of 
observers  since  a  date  long  before  the  comet  had  ceased  to 
be  easily  recognizable  by  the  naked  eye. 


T  --  July   7.4! G.s   Berlin   M.T. 
1893.0 


ELEMENTS    AND    EPHEMERIS    OF   COMET  b  1893 

By  Prof.  J.  G.  PORTER. 

Berlin  M.T. 


9,  =  337      2.2 

i   =  159  55.6 

to  =  47     5.2 

log  q  =  9.82936 


Berlin  M.T. 

July  19.5 
21.5 

1893  July   19. 


11    14.0     +28   23 
11    27.2      +25   24 


log  A 
9.8167 


Brightness 

0.36 


July  23 

25. 

27, 

29. 

31. 

Aug.   2. 

4. 

6. 


11 


12 


a 

i 

loS  A 

Brightness 

37.1 

+  22   54 

■9.9049 

0.23 

44.6 

20  50 

50.5 

19     5 

9.9804 

0.14 

55.2 

17  36 

59.0 

16   18 

0.0143 

0.09 

2.2 

15   11 

4.9 

14   12 

0.0990 

0.06 

7.1 

13  20 

9.1 

+  12  32 

0.1-1  .".9 

0.05 

ELEMENTS    AND   EPHEMERA    OF    COMET  b  1893, 

By  REV.  GEO.  M.  SEARLE. 


The   following   elements  have   been   computed    from  the 
Cambridge  observations  of  July  10  and    11.  with  one  made 
by  myself  at  the  Catholic  University  observatory  on  July  15. 
T  =  July  7.2936  Gr.  M.T. 


Q=  337  18      1 
i    =  159  .">7  38 
co  :=     47     7  39 
log  q  =  9.829050 

o— c      j;.  = 

x  =  [9.996169]  csin  («+ 158°34'53") 
H  =  [9.998466]  rsin  I  -  -247  56  16  ) 
z  =  [9.194797]  rsin  if  +  305  51   59  ) 


1893.0 


_L>" 
-5" 


Ephemi.ui-  i"i:  Greenwich  Midnight. 


July 


Aug. 


a 

<5 

log  A 

Br. 

h        m 

O             t 

27 

11   50.7 

+  19      1 

9.981 

0.11 

29 

55. 1 

17  32 

0.014 

31 

11    59.2 

16   15 

.045 

.07 

■> 

12     2.4 

15     8 

.073 

4 

5.1 

14      9 

.099 

.05 

6 

7.4 

13   16 

.  1  23 

8 

9.4 

12  29 

.146 

.04 

in 

11.2 

11    46 

.167 

12 

12.8 

11      7 

.187 

.03 

14 

1-1.2 

10  32 

.205 

16 

12    15.. "I 

+   9  59 

0.223 

0.02 

/  26. 
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ELEMENTS   OF   COMET  b  1893, 

Bl    F.  I..  CHASE. 


From  heliometer  observation?  of  Rordame's  comet  made 
here  on  July  10,  It!  and  20,  corrected  for  aberration  and 
parallax,  I  have  computed  the  following  elements.  The 
observation  of  July  10  was  made  by  Dr.  Ki.kin.  the  other 
i  wo  by  myself  : 

Yale  University  Observatory,  189.3  July  27. 


1893  July  7.31292  Gr.  M.T. 


Q  5=  337   11   29") 
i   =  159  57  45  -  Mean  Eq.  1893.0 
q>  =     4  7     7      1  ) 
log   q  =  9.829223 

C— 0  J  a    +2"  J(3    +2" 


FILAR-MICROMETER  OBSERVATIONS   OF   COMET  b  1893, 

MADE    WITH    THE    12-INCH    TELESCOPE   OF   THE   LICK    OBSERVATORY, 

By  R.  H.  TUCKER.  Jr. 


1898  Dick  Obser.  M.T. 

* 

No. 
Comp. 

^/'s  apparent 
a                         S 

logpA 

for  a       |     tor  <\ 

July 

ll              111            6 

11  8  56   47 
9    15   21 
9  36     1 

12  8  53     3 
9  14   10 
9  30  39 

13  9  44  30 
10      1      9 
10  10  44 

1 
2 
3 

6 

4 
6 
6 

6 
8 
10 

7 
7 

+  •>'"  9S.  12 

+  2  57.12 
—  1   36.70 

—0  57.86 
+  0     4.71 

+  0  27.48 

+  4     1.6 
+  4  39.2 
+  5     6.2 

h         m       s 

9     8  27.99 

9     9    15.99 

9  35  4  7.92 

9  38  26.76 
9  59  34.69 

9  59  57.46 

o          ' 

14  49   10.5 
42  37  24.7 
40  11   23.0 

9.787 
9.790 
9.752 

0.755 
0.721 
0.765 

Mean  Places  for  1893.0  of  Comparison- Stars. 

* 

Red.  to 
a               1   app.  place 

8 

Red.  to                                           ,    ., 
app.  place                                       Authority 

1 
■) 

3 

ll           111         s 

9     6   18.55 
9  37  24.17 
9   59   29.44 

+  0.32 
+  0.45 

+  0.54 

+  44  45     0.7 
+  42   32  37.6 
+  40     6     9.4 

+  8.2 
+  7.9 
+  7.4 

Weisse's  Bessel  IX,   56     i 
Weisse's  Bessel  IX,  749 
Weisse's  Bessel  IX.   1204 

• 

ELEMENTS   AND   EPHEMERIS   OF   COMET  b  1893. 

By  LEWIS  BOSS. 


The  buildings  for  the  Dudley  Observatory  upon  its  new 
site  are  very  nearly  completed,  and  they  have  been  occupied 
for  several  weeks.  The  Observatory  is  to  have  a  new  equa- 
torial telescope  (aperture  twelve  inches)  to  be  furnished  by 
Warner  &  Swasey  of  Cleveland,  the  optical  parts  having 
been  intrusted  to  Mr.  John  A.  BRASHEARof  Allegheny.  This 
telescope  has  not  yet  been  received  from  the  makers  ;  but 
rs  now  reported  to  be  nearly  ready  for  mounting.  At 
present  the  Dudley  Observatory  has  no  fixed  instrument  in 
position  for  observation. 

Comet  b  has,  nevertheless,  been  observed  for  position 
here  by  means  of  a  portable  telescope  (focal  length  1.0m., 
aperture  0.103m.).  A  common  watch  serves  for  timepiece, 
and  its  correction  is  ascertained  from  comparison  with  the 
public  time-signals.  Although  these  observations  have  no 
permanent  scientific  value,  they  have  served  for  the  compu- 


tation of  ephemerides.  An  observation,  secured  July  30, 
under  favorable  circumstances,  results  in  the  following 
position  : 

App.  a  App.  i 


Gr.  M.T. 

1893  d         h    in       s 

July  30  14  8  25, 


I- PA 

9.657 


/■/-'A 
0.751 


11  57  35.5      +16  48  15 

Combining  this  with  the  mean  of  two  Cambridge  positions 

and  one  Cincinnati  position  for  July  10,  and  the  mean  of 

two  Cambridge  positious  for  July  14,  received  through  the 

courtesy   of    Director   Pickering,    the    following    elements 

result. 

T  =  1893  July  7.2830  Greeuw.  M.T. 

w  —     47     8      1  ) 
Q,  —  337   19  35  [-1893.0 
i  =  159  57  50  ) 
log  q  =  9.82905 
Comparison  with  July  14(C— O)  :  Jl  —  —4"  ;  z/^J  =  —3". 
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Previous  to  June  25,  the  comet  appears  to  bave  been  in  a 
position  favorable  for  its  discovery  in  the  Southern  hemi- 
sphere. After  that  time,  its  position  and  theoretical  bright- 
ness should  have  rendered  it  easy  of  detection  in  the  morn- 
ing hours  from  this  hemisphere,  —  as  will  appear  from  the 
following  computed  positions: 


Gr.  M.T. 

R.A. 

Decl. 

Br. 

893  June  30.5 

3  44  48 

+  32  38 

0.42 

July    4.5 

4   58      1 

+  42   25 

0.66 

8.5 

7   13  49 

+  48  28 

1.02 

On  July  9,  from  comparison  with  i  Ursae  Majoris  and 
other  stars,  I  estimated  the  brightness  of  the  comet  to  have 
been  about  equivalent  to  3M.5.  August  2,  in  a  fine  sky, 
using  the  telescope  with  the  eye-piece  drawn  slightly  out  of 
focus,  the  equivalent  light  of  the  comet  was  estimated  to  be 
about  one-quarter  of  the  interval  from  DM.  15°2445  to 
DM.  15°2436  brighter  than  the  former,  or  6M.5.  The  theo- 
retical diminution  of  magnitude  from  July  9  to  August  2  is 
3M.l.  Owing  to  the  low  altitude  of  the  comet  on  the  former 
date  it  is  quite  possible  that  its  brightness  was  underesti- 
mated. 

Toward  the  end  of  November  next  the  comet  will  be  in  a 
position  favorable  for  observation  in  the  morning.  Theo- 
retically it  should  then  be  4M.2  fainter  than  it  was  on  August 
2.  and  fully  1 1 M . 0 .  Even  if  it  prove  somewhat  fainter 
than  this  it  may  still  be  possible  to  observe  it. 


Ephemeris  for  Greenwich  Midnight. 


Gr. 

M.T. 

API 

.  a 

A 

pp. 

8 

log  A 

Br. 

Aug 

9.5 

12    ID 

21.3 

+  12 

6 

20 

0.1570 

0.032 

10 

11 

12.9 

11 

45 

33 

0.1673 

n 

12 

1.9 

11 

25 

43 

0.177:; 

12 

12 

18.3 

11 

6 

46 

0.1- 

13 

13 

32.6 

10 

4  s 

37 

0.1963 

0.024 

14 

11 

14. 'J 

10 

31 

12 

0.2053 

15 

14 

5  5 . 1 

10 

14 

29 

0.2141 

16 

15 

:;  1 .  1 

9 

58 

24 

0.2 2 25 

17 

16 

12.0 

9 

42 

55 

0.2307 

0.018 

18 

16 

48.5 

9 

27 

59 

0.2387 

19 

17 

23.8 

9 

13 

35 

0.2464 

20 

17 

58.1 

8 

59 

39 

0.2539 

21 

18 

31.4 

8 

46 

10 

0.2611 

0.014 

22 

19 

3.9 

8 

33 

7 

0.2681 

23 

19 

35.7 

8 

20 

28 

11.2751) 

24 

20 

6.8 

8 

8 

11 

H.2816 

25 

20 

37.3 

7 

56 

16 

0.2*80 

0.012 

26 

21 

7.2 

7 

44 

40 

0.2943 

27 

21 

36.7 

7 

33 

23 

0.3003 

28 

•)•) 

5.9 

7 

22 

23 

0.3062 

29 

22 

34.7 

7 

11 

40 

0.3120 

0.009 

Oct. 

30 

45 

5 

+  0 

45 

0.4706 

Nov 

30.5 

12   45 

49 

— 0 

10 

0.4654 

0.001 

Brightness  July  9.5  =  1.0 


Heliocentric  Coordinates. 

[9.9961  79] >•  sin(158°  33  46.3+v) 
[9.998464]r  siu(247  55  12.7  +  v) 
[9.194414]?-  sin(305  48  55.7  +  v) 


OBSERVATIONS   OF   COMETS, 

MADE   AT   THE   CINCINNATI   OBSERVATORY, 

By  J.  G.  PORTER. 


No. 

#-* 

o/'s  apparent 

log 

J>A 

1893  Cine 

nnati  .M.T. 

* 

Corap. 

Ja                  J8 

<* 

8 

for  a 

for  6 

Comet  1892  VI 

h        m          3 

in          * 

h        m        3              1 

» 

July      1 

9   47  36 

1 

8,8 

+  2    15.57 

—2   38.2 

17    12    17.85 

—21 

16 

45.6 

?i8.965 

0.885 

2 

9   17    14 

1 

8,8 

+  1   27.76 

+  3   56. 8 

17    11    30.04 

—21 

40 

10.6 

„:i.i64 

0.880 

5 

9   26   17 

2 

4,4 

+  2  55.16 

+  7  50.3 

17      9    12.99 

—21 

20 

52.2 

n8.988 

0  882 

9   26   17 

3 

7,7 

+  i)  27.43 

—5  59.8 

17     9   12.96 

—21 

20 

55.8 

n8.988 

-- 

9 

9   13  27 

4 

5,5 

+  0  33.68 

— 5     7.4 

17     6  34.13 

—20 

56 

50.8 

u8.93] 

0.881 

9   13  27 

5 

6,6 

—0  30.04 

+  5  33.0 

17     6  33.98 

—20 

56 

59.3 

«8.931 

0.SS1 

C 

omet  1886  VII  ==  a  189! 

(Finlay). 

June  25 

14   29   20 

6 

8,8 

—  1    17.58 

+  0   18.5 

2  36  37.31 

+  12 

50 

32.0 

n9.672 

0  728 

July    10 

14  31   58 

7 

10,10 

+  0  56.11 

—  6  51.0 

3  47   10.87 

+  18 

9 

57.0 

d.721 

14  31   58 

8 

4.1 

—  1   36.96 

+  6     4.:) 

3   47    10. ss 

+  18 

10 

1.1 

ft9."683 

0.721 

14 

15     2   11 

9 

10,10 

—0  59.09 

—0     6.6 

4     5  37.02 

+  19 

15 

54.4 

.682 

0.694 

is 

14  49  56 

10 

8,8 

—0  33.31 

—6   13.2 

4   23  35.74 

+  20 

12 

13.6 

i'.^ 

0.703 

22 

14   54    17 

11 

8,8 

+  1    37.61 

—2  50.5 

4    II    15.70 

+  21 

1 

23.2 

14    54    17 

12 

B,8 

+  1    17.82 

+  3 

4    11    16.02 

+  21 

I 

■.'."..7 

.690 

0.698 

Comet  6  l  S93. 

July     10 

-  58     3 

13 

12.12 

—i)   27.99 

+    2  24.0 

8  33     2.10 

+  46 

50 

58.9 

9.782 

0.775 

11 

9     4  20 

14 

8,8 

—3    14.77 

—  5  57.4 

9     5  31.91 

+  15 

2 

41. 1 

9.786 

0.747 

13 

8  57     2 

15 

6,6 

+  3  25.32 

—14   17.1 

9  56  41.49 

+  10 

32 

27.6 

9.777 

0.680 
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1893  Cincinnati  M.T. 


No. 
( !omp. 


.la        I  /S 


6/ 's  apparent 


logp^X 

for  a       I     for  i! 


Comet  /-  1893.— Cont. 


July  13 
16 
19 
21 


26 


8  57  -' 

8  :::;  17 

10  12  26 

8  :;:;  25 
in  1  I  6 
10  14  6 

9  3  I 
9  3  4 
8  22  26 


16 

6,6 

17 

11.11 

18 

6,6 

19 

8,8 

20 

3,3 

21 

1.1 

22 

4,1 

23 

I.I 

24 

10,10 

— •-> 

— (I 

+  0 
— 0 

+  1 
+  1 
+  1 
— 1 

— 0 


37.11 
14.29 

1.47 
31.98 
10.69 

8.40 
11.26 
21.29 
39.35 


+  9 
+    7 

—  2 
+  1 
+  l() 

—  13 

—  5 

—  1 
_  9 


6.0 

8.0 
13.2 

0.6 
57.1 
14..") 
56.1 

2.0 
19.9 


9 

10 
11 
11 
11 
11 
11 
1  1 
11 


56 
15 
15 

•-'7 
28 
28 

37 
37 

is 


31 
83 

17 
.us 
,10 
.30 
.95 


M0 

+  33 
+28 
+  25 
+  25 

+  25 
+  2  2 
+  22 
+  19 


32 

44 

•> 

11 
5 
5 

4  2 
12 
46 


35.2 
2.8 
22.6 
33.1 
55.6 
-I  7 . 5 
28.6 
29.2 
18.0 


9.777 
9.737 
9.705 
9.692 
9.696 
9.696 
9.693 
9.693 
9.669 


(I.6.SII 

0.612 
0.748 
0.637 
0.749 
0.749 
0.683 
0.683 
0.660 


Mean    Places  for  1893.0  of  Comparison- Stars. 


* 


!;<•.!  to 
app.  place 


Red.  to 
app.  place 


A  uthority 


17 
17 
17 
17 
17 


9  59.63 

6  15.21 
8  42.90 
5   57.84 

7  1.40 


+  2.65 
+  2.62 
+  2.63 
+  2.61 
+  2.62 


-21  43  56.7 

-21  28  31.6 

-21  14  45.2 

-2ii  51  32.6 

-21  2  21.6 


6 

2  37  54.67 

+  0.22 

f  12  50  6.4 

7 

3  4  6  14.37 

+  0.39 

+  18  16  39.  I 

8 

3  48  47.46 

+  0.38 

+  18-  3  47.6 

9 

4  6  35.65 

+  0.46 

+  19  15  52.1 

10 

4  24  8.55 

+  0.50 

+  20  18  47.7 

11 

4  39  37.54 

+  0.55 

+  21   4  4.6 

12 

4  39  57.65 

+  0.55 

+  20  58  10.3 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


8  33 

9  8 
9  53 
9  59 

10  46 

11  15 
11  28 
11  26 
11  27 
11  36 
11  39 
11  48 


30.21 
46.35 
15.65 
17.87 

5.41 
28.93 
28.28 
59.64 
11.13 
31.89 

4.34 
48.32 


+  0.18 
+  0.33 

+  0.52 
+  0.55 

+  0.71 
+  0.77 
+  0  78 
+  0.77 
+  0.77 
+  0.80 
+  0.80 
+  0.81 


+  46 
+  45 
+  40 
+  40 
+  33 
+  28 
+  25 
+  24 
+  25 
+  22 
+  22 
+  19 


i.i  .L 

30.3 
37.3 
21.8 
36  49.2 
4  31.8 
29.5 
55.5 
59.0 
22.6 
29.1 
36.9 


10 
54 
18 

48 
43 
49 


-10.7 
—10.9 

—  10.8 

—  10.8 
—10.7 

+  7.1 
+  8.6 
+  8.6 
+  8.9 
+  9.1 
+  9.1 
+  9.1 

+  7.7 
+  8.2 
+  7.4 
+  7.4 
+  5.6 
+  4.0 
+  3.0 
+  3.0 
+  3.0 
+  2.1 
+  2.1 
+  1.0 


Cine.  Proper-motion  Cat.  979 
Weiss-Arg.  13154;  Cine.  Z.  2816 
Weiss-Arg.  13193;  Cine.  Z.  2821 
Eq.comp.  with  Weiss-Arg.  13188,  Yar.  7266, 
Cine.  Mer.  Cir.  [Cine. Z.  2818 

Yar.  1233;  Glas.  1,  619;  Glas.  2,  222 

Weisse-Bessel  III,  969  ;  Rum.  2.  1978 

Wien  1861,  29 

Weisse-Bessel  IV,  66-7;  Rum.  2,  2165 

Eq.comp.with  Berlin  A.G.Z.  and  W.B.IV,492 

Berlin  A.G.Z. 

Berlin  A.G.Z. 

Oe.Arg.  9189-90 

Oe.Arg.  9733     [Paris  12390,  Bonn  4T.2046 

W.B.  IX, 1084,  &  eq.  eomp.  with  Brux.  4199. 

Olnriitz  ring-micr.  &  eq.comp.  with  same  stars 

Leiden  A.G.  Zones 

Weisse-Bessel  XI,  241 

Equat.  eomp.  with  nest  two  stars 

Paris  14089,  Berlin  A.G.Z. 

Weisse-Bessel  XI,  469 

Berlin  A.G.Z. 

Bonn  VI,  +22°2398 

Bonn  VI.  +20°2657 


NEW   ASTEROIDS. 


Prof.  Krueger  has  communicated  the  discover}'  of  two  asteroids  hy  Mr.  Charlois  : 


1893 


AG         12"         July  14, 
AD         11M  16, 

Also  one  by  Borreli.t. 


AE 


12" 


July 


5. 
6, 


12  48.6  Nice  M.T.  20  42     1.0  —15  3142 

10  33.6      "       "  20    8  48.8  —17     6  41 

10h19m81  Marseilles  M.T.  17  23  52. mi  —21  39  10.4 

9  30  46         "  "  17  23    4.52  —2143  24.8 


Daily  Motion 

—  60E  in  «,  and  1'  northward. 
—56s     "      "     0'  in  ilecl. 


CON  T E  N T S  . 
Note  on  the  Perturbations  ok  Flora  by  Mars  and  the  Earth,  and  on  Brunnow's  Tables,  by  Prof.  a.  Ham- 
Notes  on  Double  Stars  (III),  by  Prof.  A.  Hall. 

Comet  6  1893. 

Elements  and  Ephemeris,  by  Prof.  J.  G.  Porter. 

Elements  and  Ephemeris.  by  Rev.  Geo.  M.  Searle. 

Elements,  by  Mr.  F.  L.  Chase. 

Filar-Micrometer  Observations  of  Comet  6  1893.  by  Mr.  R.  H.  Tucker.  Jr. 

Elements  and  Ephemeris  of  Comet  6  1893,  by  Prof.  Eewis  Boss. 
Observations  of  Comets,  by  Prof.  .T.  G.  Porter. 
New  Asteroids. 
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NOTES   ON    DOUBLE   STARS  (IT), 

By  A.  HALL. 


ZScorpii  =  -T199S. 
The  stars  A  and  B  of  tins  triple  system  are  of  the  fifth 
magnitude,  and  have  a  period  of  105  years.  The  star  C  is 
of  the  seventh  magnitude,  and  lias  a  very  slow  motion.  Its 
period  is  uncertain.  This  system  appears  to  be  similar  to 
that  of  T  Gancri.     Dr.  Schorr  has  recently  investigated  the 

A    AND    IS. 


motions  of  these  stars,  but  the  evidence  for  a  fourth  dis- 
turbing body  is  not  conclusive.  This  system  needs  a  long 
and  careful  series  of  observations.  I  have  compared  my 
observations  with  Dr.  Schobr's  elements  of  A  and  S,  and 
with  his  interpolation-formula  for  C.     The  results  are  as 

follows  : 

AB  „ 


Date 

P 

s 

C 

-O 

P 

s 

C 

-O 

JP 

JS 

Jp 

Js 

1882.46 
1883.51 
1884.50 
18S6.57 

1888.56 

12.71 
13.90 
14.60 
17.97 
20.65 

1.116 
1.380 

1.27s 
1.070 
0.960 

— 0/28 
0.00 

+  0.74 
+  0.22 
+  0.51 

+  0.148 

—0.114 
—0.014 

+  0.174 

+  0.248 

06.33 
67.00 
64.35 

65.47 
65.30 

7.263 
7.315 
7.260 
7.307 
7.165 

+  0.15 
—0.74 
+  1.70 
+  0.17 
—0.05 

+  0.007 
—  0.023 

+  0.04  2 
+  0.026 
+  0.200 

2' 2281. 
The  anomaly  in  the  relative  positions  of  these  stars  about 
1865  is  due,  I  think,  to  errors  of  observation,  which  happen 
to  be  large  at  that  time.     My  results  show  that  this  star  is 
a  binary  of  long  period. 

ssinp  =  — 1".230  +(0".01384)  •  p— 1860.0] 

+  (0".000183  2)  •  p— 1860.0]- 

scosp  =  — 0".386—  (0.00063)  •  p— 1860.0] 

+  (0". 000  109  1)  •  p— 1860.0]- 


C— O 

Date 

P 

s 

y 

Jx 

Jy 

1831.05  259.57 

—  1  518 

—0.279 

1-0.041 

+  0.002 

1842.1]  255.98 

1.407 

1.365 

0.341 

—0.054 

+  0.001 

1854.65  25  1 

1.305 

1.2. VI 

0.362 

—0.045 

—0.018 

1868.00  250.63 

1.244 

1.171 

0.413 

+  0.067 

+0.029 

1877.39  250.42 

1.035 

0.975 

0.347 

+  0.041 

—0.017 

1885.59  245.05 

0.788 

—0.714 

—0.332 

-  0.042 

+  0.001 

scosp  =  — 0".577  +(0".00361)  ■  p— 1860.0] 

+  (0".000  040  9)  •  p— 1 860.0]- 


Date 

C— 0 

P 

y 

Jx 

Jy 

1831.50 

203.79 

0.758 

—0.304 

—0.689 

+  0.04  2 

1843.76 

208.00 

0.282 

0.530 

—0.103 

—0.095 

1861.45 

221.46 

0.855 

0.566 

0.641 

+  0.029 

+  0.069 

1874.34 

233.02 

0.8   ; 

0.685 

0.516 

+  0.069 

—0.001 

1884.67 

233.95 

0.757 

—0.612 

—0.446 

—0.049 

—0.017 

2:2454. 

The  angular  motion  of  this  has  become  very  small, 
while  the  distance  remains  nearly  constant.  The  obser- 
vations are  nearly  satisfied  by  a  rectilinear  motion. 

ssinp  =  —  0".S26  — (0". 007  40)  •  [,—1860.0] 

+  (0".000  078  7)  ■  p  — 1860.0]2 


2' 2455. 
This  star  has  been  referred  to  as  exhibiting  a  case  of  recti- 
linear motion,  but  my   results  indicate  that  it  is  a  binary. 

ssinp  =   +3".178  +(0".00823)  •  p— 1860.0] 

—  (0".0000305)  ■  [t— 1860.0]- 

scosp  =  — 1".797  +(0".06107)  -  p-,1860.0], 
— (0".0003002)  •  p— 1860.0]s 


Date 

c— 0 

;' 

y 

Jx              Jy 

0 

9 

f 

1                               * 

1828.77  1 

1.927    +2.876 

—4.001    +0.015    +0.004 

1853.26 

124-52 

3.862       3.182 

2.189   —0.060  —  1 

1S65.85 

114-41 

3.550       3.233 

1.467  —0.008    +0.017 

1875.17 

106-82 

3.337       3.1H4 

0.966,  +0.102    +0.026 

1884.62 

97-64   3.453    +3.422 

—0.459  —0.059   —0 

(119) 
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d  Cygni  =  2"2579. 
This  *t:ir  is  difficult  of  observation,  since  the  small  com- 
panion is  frequently  bidden  in  the  rays  of  the  bright  star, 
but  I  found  it  an  easy  object  in  the  twilight.     It  is  probably 
a  binary  of  long  period. 

ssmp  =  —  0".016  — (0". 03740)  ■  [«— 1860.0] 

+  (0".0000205)  •  [t— 1860. 0]= 

scosp  =    t  L".o75  — (0".00515)  ■  [4—1860.0] 

—  (it". 3948)  •  [<— 1860.0]2 


Date 

C— 0 

p 

y 

it 

Ax             Jn 

0 

// 

n 

it                   it 

183D.  21 

37.67 

1.785 

+  1.091 

+  1.413 

+  0.025  —0.035 

1842.29 

24.02 

1.660 

0.676 

1.516 

—0.024    +0.026 

1852.13 

12.31 

1.543 

+  0.329 

1.508 

—0.050,  +0.084 

1861.69 

355.91 

1.630 

—0.116 

1.626 

+  0.037 

—0.061 

1ni;:>..".7 

346.37 

1.5.".  1 

0.361 

1.491 

—0.003 

+  0.001 

187;i  oi 

331.22 

1.5D6 

0.768 

1.399 

+0.046  —it. 036 

1889.63 

313.77 

1.486 

—  1.073 

+  1.208 

—0.033    +0.047 

J- 2  7i  18. 
These  stars  appear  to  present  a  case  of  pure  rectilinear 
motion,  and  they  will  therefore  continue  to  separate.  As  a 
double  star  they  have  no  further  interest,  except  for  the 
relative  proper  motion.  According  to  ray  formulas  these 
stars  were  at  a  minimum  distance  in  1797. 

ssinp  =  —  6".486  —  (0".176  33)  •  [t— 1860.0] 

scosp  =   +16".275  +(0".18964)  ■  [t— 1860.0] 


C— O 

Date 

p 

y 

Jx 

ay 

o 

// 

II 

a 

It 

II 

1832.63 

351.57 

11.25  2 

—  1.650 

+  11.130 

—0.010 

—0.045 

1840.76 

346.05 

13.082 

3.154 

12.697 

+  0.061 

—0.071 

1853,70 

340.43 

15.952 

5.343 

15.030 

—0.032 

+  0.050 

1866.34 

336.48 

18.858 

7.526 

17.291 

—0.078 

+  0.186 

1877.25 

333.90 

21.732 

9.561 

19.516 

+  0.033    +0.030 

1886.36 

332.49 

24.155 

—  11.157 

+21.424 

+  0-023:  —0.150 

P.  Cygni  =  0-T413. 
This  star  is  a  binary,  and  it  needs  to  be  observed  with 
more  care.     The  observations  are  discordant. 

ssinp  =  +0".588  +(0".002  92)  •  [i— 1860.0] 

-(0".0000175)  •  [t— 1860.0]2 

scosp  =  —  0".069  +(0".01194)  •  [7—1860.0] 

—  (0".000  1478)  •  [t— 1860. 0]2 


C— 0 

P 

V 

Jx 

Jy 

0 

II 

II 

II 

it 

1843.86 

120.22 

0.630 

+  0.544 

—0.317 

—0. iion 

+  0.016 

1852.39 

104.44 

0.570 

0.552 

0.142 

+  0.013 

—0.027 

1863.00 

93.09 

it  600 

0.599 

—0.032 

—0.002 

—0.002 

1876.20 

84.60 

0.642 

0.639 

+  0.060 

—0.009   +0.025 

1886.76 

76.43 

0.668 

+  0.649 

+  0.159 

+  0.004  —0.012 

.'  Aquarii  =  2'2909. 
This  is  one  of  the  oldest  of  the  double  stars,  having  been 
observed  by  Christian  Mater  in  1777.  The  brightness  of 
the  components  has  introduced  large  personal  errors,  espe- 
cially iu  the  distance,  when  they  sometimes  amount  to  1", 
or  to  nearly  one-third  of  the  quantity  measured.  The  orbits 
thai  have  been  computed  must  be  very  uncertain,  and  all 
that  can  be  said  is  that  this  star  is  probably  a  binary  of  very 
long  period. 

ssin;j  =  — 1".079  — (0".02797)  ■  [«— 1860.0] 

+  (0". 10205)  •  [t—  1860.il]- 

scosp  =   +3". 259  —  (0".oi3  13)  ■  [t— 1860.0] 

—  (0". 000  1166)  •  [t— 1860.0]2 


C— O 

Date 

p 

s 

X 

y 

J  x                J>l 

1825.7:; 

35!  '.7  2 

3''600 

— o'!oi8 

+  3.600 

—0.078   +o'o72 

1832.81 

355.22 

3.458 

0.288 

3.446 

—0.016    +0.084 

1838.26 

350.9S 

3.638 

0.574 

3.592 

+  0.113 

—0.103 

1845.60 

347.95 

3.455 

0.721 

3.379 

+  0.039 

+0.045 

1854,17 

345.11 

3.488 

0.896 

3.371 

—0.019 

—0.039 

1864.75 

338.76 

3.314 

1.201 

3.089 

—0.011 

+  0.105 

1877.16 

334.88 

3.453 

1.466 

3.126 

—0.087 

—  0.126 

1888.78 

324.97 

3.340 

—  1.917 

+  2.735 

+  0.050 

+  0.049 

n  OepJiei  =  0.1489. 
The  inequality  of  the  components  makes  the  observations 
of    this    star    uncertain,   and    hence    the    results   are  rather 
doubtful.     But  a  curvature  of  the  orbit  is  indicated,  and  the 
star  is  probably  a  binary.  * 

ssinj)  =  +0".  154  +(0".021656)  ■  [t— 1860.0] 

—  (0".00017S8)  •  [«— 1860.0]-' 
scosp  =   +1".275  +(0".002535.)  •  [£— 1860.0] 

—  (0".000440  6]  •  [t— 1860. 0]2 


C— O 

Date 

p 

s 

X 

y 

Jx 

Jy 

0 

a 

it 

it 

a 

It 

1846.  18 

351.38 

1.150 

—0.172 

+  1.137 

0.000 

+  0.091 

1851.42 

35s.it; 

1.215 

—  0.033 

1.215 

—0.012   +0.050 

1868.05 

15.34 

1.267 

+  0.266 

1.222 

+  0.050    +0.004 

1877.53 

26.05 

1.251 

0.549 

1.124 

—0.070  —0.028 

1885.89 

27.53 

1.224 

+  0.546 

+  1.085 

+  0.029  —0.171 

.13050. 
In  this  case  the  motion  is  very  slow,  and  the  data  are 
not  sufficient  to  determine  whether  the  star  is  binary  or  not, 
but  the  chances  are  that  it  is  a  binary.  The  diminution  of 
the  distance  makes  it  probable  that  the  angular  motion  will 
soon  increase. 

ssinp  =  — 1".038  —  (0".00943)  ■  [t— 1860.0] 

+  (0". 000  066  0)  •  [I— 1860.0]2 

scosp  =  _3".203  +(0".023  74)  ■  [t— 1860.0] 

+  (0".000  103  5)  •  [t— 1860.0]2 
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Date 

c— o 

P 

y 

Jx 

Ay 

1832.6')  191.02 

3.780 

IT 

— 0  722 

— 3.71 C 

—0.009 

—0.065 

1849.37  195.06 

3.674 

0.955 

3.548 

+  0.024 

+0.105 

1864.99  199.61 

3.174 

1.065 

2.990 

—0.018 

-0. 

1876.30202.77 

3.030 

1.173 

2.794 

—0.001 

+  0.005 

1887.92206.86 

_  ,77."> 

—  1.254 

—  2.4  70 

+  0.004 

+  0.017 

These  stars,  with  those  given  in  nos.265,  269  and  301, 
except  a  few  omitted  for  slowness  of  motion,  complete  the 
list  which  I  marked  for  discussion  of  this  kind  two  years 
ago,  on  closing  my  observations.  Nearly  all  of  them  have 
proved  worthy  of  the  notice  of  observers,  and  I  hope  some 
astronomer  who  has  the  instrumental  means  will  put  them 
on  his  working  list.  Some  of  them  which  promise  to  he 
rapid  binaries  should  be  observed  every  year,  and  others  at 
longer  intervals.  In  almost  every  discussion  of  tiie  motions 
of  double  stars  the  need  is  felt  of  accurate,  and  more,  obser- 
vations before  we  can  know  much  about  these  motion-. 

1893  August  7. 


In  the  preceding  discussion,  my  purpose  heing  chiefly  to 
call  the  attention  of  observers  to  those  stars.  I  have  omitted 
criticism  of  certain  cases  where  the  law  of  areas  is  not  satis- 
fied by  the  observations.  This  will  be  a  question  for  the 
future.  There  may  also  be  cases  in  nearly  rectilinear  motion 
when  the  direction  of  curvature  does  not  accord  with  the 
common  law  of  attraction,  and  since  such  a  result  might  a 
from  discordant  observations  I  have  given  it  no  attention. 

It  was  my  intention  to  compute  orbits  of  i,  Goroime 
Borealis,  and  70  Ophiuchi.  The  first  is  one  of  the  few 
double  stars  for  which  we  have  at  present  sufficient  data  for 
a  good  orbit,  but  I  learn  that  a  German  astronomer  has 
undertaken  this  work.  The  orbit  of  70  Ophivchi  has  hither- 
to been  uncertain,  on  account  of  the  small  coefficient  of  the 

distance  from  the  node  to  the  periastron,  in  tin  eqt ns  of 

condition  ;  so  that  the  orbit  carefully  computed  by  Dr.  Schi  R 
is  now  largely  in  error.  I  hope  my  observations,  1880  to 
1891,  will  help  remove  this  iudetcrmination.  Mr.  Ki-iiin 
has  undertaken  this  orbit,  and  must  have  it  nearly  finished. 


OBSERVED   MAXIMA  AND  MIXDIA  OF  VARIABLE   STARS,   1892-93, 

By  PAUL  S.  YEXDELL. 


107.      TCassiopeae. 
Eleven   observations,  from    1893  Jan.  21   to  April  9,  of 
T  Cassiopeae,  indicate  a  maximum  of  7M.8,  1893  Feb.  23.5. 

432.     <S  Cassiopeae. 
This  star  was  observed  from  1893  Jan.  21  until  April  9, 
twelve  observations  being  secured  ;    a  maximum  at  8M.5  is 
indicated  to  have  taken  place  Feb.  22.5. 

678.     UPersei. 

since  the  confirmation  of  the  variability  of  this  star,  pub- 
lished in  no.  279  of  this  Journal,  I  have  kept  it  as  constantly 
under  observation  as  possible.  From  1892  Oct.  19  to  Nov. 
24,  it  declined  from  9M.7,  until  on  the  latter  date  it  was 
estimated  to  be  11*. 0  :  when  next  looked  for.  Dec.  o.  it  was 
invisible,  as  also  Dec.  7  ;  it  was  just  held  in  a  very  clear 
sky.  when  nearly  overhead,  and  its  magnitude  estimated  as 
12*. 0,  on  Dec.  9  :  it  was  next  seen,  and  estimated  at  11". 5 
on  1893  Jan.  20.  From  this  date  it  rose  steadily  to  8*.l, 
which  it  reached  1893  March  31  ;  a  careful  consideration  of 
the  curves  of  decrease  and  increase  seems  to  imply  that  a 
minimum,  not  fainter  than  13M.0,  took  place  about  1893 
Jan.  1  :  On  April  4  it  was  estimated  al  8".3,  at  which  bright- 
it  remained  until  May  6.  when  its  approach  to  the. 
northwest  horizon  put  a  stop  to  observations.  It  was  next 
seen  July  21,  and  estimated  —  rather  uncertainly,  from  a 
single-star  comparison — at  7M.8  :  an  observation  on  Aug.  5, 
using  two  comparison-stars,  gives  a  light  of  8*. 2.  It  seems 
probable  that  the  actual  maximum  took  place  about  July  15. 

The  star  shows  a  redness  of  6.4  of  Chandler's  scale. 


1717.      VTauri. 
A  series  of  eight  observations  of  VTauri  was  obtained 
between  1893  Jan.  17  and  April  9.  and  shows  a  maximum 
of  about  9M  on  March  13. 

1981.  «S  CamebopardaMs. 
Observations  of  this  star  have  been  kept  up  as  continu- 
ously as  possible  since  the  minimum  published  in  No.  290 
of  this  Journal.  The  star's  light  increased,  with  some 
fluctuations,  to  a  maximum  of  8M.5,  which  was  observed  on 
1893  May  24  :  from  this  point  it  fell  off  until  June  10.  when 
it  was  estimated  at  8M.8.  Observations  were  interrupted  from 
this  date  until  July  31,  when  it  was  found  8M.8.  It  si 
probable  that  the  actual  maximum  occurred  on  May  24.  and 
this  is  confirmed  by  a  later  observation  of  9s1. 3  on  Aug.  5. 

2013.  UAurigae. 
A  watch  was  begun  for  this  new  variable  on  1892  Oct.  18, 
but  it  was  not  seen  until  1893  March  12.  Its  rise  musl 
have  been  rapid,  as  when  looked  for  on  February  11,  it  was 
certainly  below  11*.5,  being  invisible  with  my  telescope, 
while  when  seen  on  March  12.  its  light  was  estimated  at 
9".l.  From  this  date  it  increased  steadily  until  March  27. 
reaching  8*.6,  at  which  brightness  it  continued  until  April  9  : 
from  the  latter  date  it  fell  away  rapidly,  its  light  when  last 
observed  on  May  10,  being  about  9".7.  The  plotted  curve 
indicates  a  maximum  on  April  4.  The  star  is  quite  red. 
mated,  from  nine  comparisons,  at  7.5  of  Chand- 
ler's scale. 
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2279.      T  Monocerotis. 

This  star  was  observed  forty-five  times  from  1892  Nov. 
]  1  to  1898  April  9.  From  these  observations,  thougb  much 
interrupted  by  weather  and  moonlight,  I  deduced  six  maxima 
and  three  minima,  as  follows: 

Minima 


1892  Dec.  24.90         3 

1893  Jan.   21.80        4 

Mar.  17.30         3 


\|  WIMA 

1892  Nov.  14.47 

4 

Dee.    10.46 

4 

1893  Jan.     5.81 

3 

Feb.     3.50 

2 

Mar.      1.74 

4 

•29.76 

4 

2528.     R  Geminorum. 

Observations  ou  this  star  were  begun  ou  1893  April  16, 
when  it  was  found  at  10M.5  ;  it  increased  rapidly  to  7*. 8, 
which  it  reached  May  6  ;  observations  were  continued  until 
stopped  by  the  twilight,  the  last  being  May  22.  when  the 
star  had  decreased  to  8M.0.  The  observations,  as  plotted 
show  a  maximum  on  May  14,  but  it  is  uncertain,  in  view 
of  the  small  number  of  observations  afterward  obtained, 
whether  it  is  a  real  maximum,  or  only  a  marked  inflection 
in  the  curve  of  the  star's  increase. 


2742.     5  Geminorum. 

This  star  was  observed,  from  1893  Jau.  16  to  May  10. 
seventeen  times.  A  principal  maximum  of  8M.3  ou  Feb.  28, 
aud  a  secondary  one  of  .sM.4  on  March  18,  are  indicated, 
the  star  having  decreased  to  8M.9  on  March  11  ;  when  last 
observed  it  had  fallen  to  10M.0. 


2780.      T  Geminorum. 

Fourteen  observations  of  this  star,  from  1893  Jau.  16  to 
April  9,  indicate  that  a  maximum  of  8X,.6  was  passed  Feb. 
22  ;  when  last  observed,  the  star's  light  was  estimated  at 
11-M. 

3890.     WLeonia. 

A  maximum  of  WLeonis  is  indicated  on  1893  April  12, 
at  9". 5 ;  an  observation  ou  May  IS,  9*. 6,  seems  to  aive 
some  indication  of  a  secondary  maximum  ;  but  this  is  not 
very  certain,  there  being  some  doubt  as  to  the  identification 
of  the  comparison-star  employed  ou  that  date.  I  have  seven 
observations  in  all,  from  1893  March  18  to  Juue  10. 

4805.     W  Virginia. 
Observations  of  W  Virginia   were  badly  broken   up  this 
Dorchester,  1893  August  8. 


year,  by  the  weather,  only  twenty-one  being  obtained,  from 
1893  March  12  to  July  18.  These  observations  yield,  upon 
the  application  of  a  mean  light-curve,  four  maxima  and  two 
minima,  as  follows  : 


.Maxima 

w 

Minima 

10 

898  .May     2.08 

3 

1893  April    8  69 

■} 

June     6.18 

3 

May    11.10 

:; 

21.96 

2 

July    11.89 

3 

4940.     WHydrae. 

I  watched  this  star  from  1S93  April  11  to  Juue  1,  securing 
fifteen  observations;  these  indicate  a  well-marked  maximum 
of  6M.7  on  May  7.  The  star  is  very  red,  three  observations 
show-ins  a  coloration  of  8.2  of  Chanim-ek's  scale. 


1847.     S  Virginia. 

I  have  twenty-three  observations  of  S  Virginia,  extending 
from  1893  March  12  to  July  16.  At  the  first  observation, 
its  light  was  estimated  to  be  6M.9,  from  which  it  increased 
steadily  to  7". 3,  which  light  it  reached  on  April  9  ;  the  curve 
at  maximum  was  very  flat,  uo  certain  decrease  being  ob- 
served for  a  month,  after  which  the  star  fell  slowly  away 
until  June  18,  at  which  point  it  began  to  diminish  more 
rapidly,  having  dropped  to  8M.3  when  last  observed. 

The  plotted  curve  indicates  a  maximum  1893  April  20. 


.")762.      XHerculis, 

My  observations  of  X  Hercnlis  since  the  last  published 
maximum  (A.J.  276)  show  a  bright  and  ill-defined  minimum 
about  1892  Aug.  24,  not  going  below  6M.5  ;  a  maximum  of 
5M.9,  1892  Sept.  17±  ;  and  a  minimum  of  6M.8,  1893  May 8. 

5830.     R  Scorpii. 

1  secured  three  observations  of  R  Scorpii  at  its  recent 
maximum,  as  follows:  1893  May  20,  estimated  11M.0±.  no 
available  comparisons  tar  ;  May  24,  10M.5.  w.  2  ;  June  4.  not 
seeu,  limit  <11M.5.  These  would  seem  to  imply  that  the 
maximum  took  place  about  May  24. 

8594.      VCephei. 

Since  the  maxima  of  this  star  published  in  this  Journal, 
no.  258,  it  has  passed  a  minimum  of  6M.8,  1892  July  3,  and 
a  maximum  of  6M.3,  1893  Feb.  3.  and  is  now  at  or  near  a 
minimum.  The  star's  changes  are  so  slow,  that  it  is  very 
difficult  to  fix  exactly  the  dates  of  the  phases,  especially  the 
minima. 


N°-302. 


THE     ASTRONOMICAL    JOURNAL. 


123 


OBSERVATIONS   OF   COMET  b  1893, 

WADE   WITH   THE    16-INCH   EQUATORIAL   AND   FILAR-MICROMETER   OF   GOODSBLL    OBSERVATORY,    NOKTHFIELD,    MINX. 

By  Dr.    H.  C.  WILSON. 
[Communicated  by  Wm.  W.  Payne,  Director] 


1893  Northflekl  M.T. 

* 

No. 

#- 

-* 

-.    'a  apparent 

log 

PA 

Comp. 

Ja 

jS 

a 

6 

for  a 

fori! 

July  11     11     5-10 

1 

6  ,4 

+  ■>"■>*.  it; 

+    4    13.1 

h               111             s 

9     S  47.13 

4- 44°  49 

24.4 

9.580 

12     10  32  30 

2 

6  .  5 

—  1   52.02 

+   8     0.2 

9  s:<  32.73 

+  42    Hi 

16.8 

9.669 

0.847 

13       8  56  51 

3 

6  ,  4 

—2     5.82 

+   5  31.3 

9.  57   12.59 

+  4(i  29 

0.4 

9.740 

0.716 

8  56  51 

4 

6  ,  4 

—3  27.84 

+   0  31.1 

■ 

. 

9.710 

0.716 

14       9  39  41 

5 

6  .  4 

4-5     7.00 

-  0   12.5 

10   17    1  1.85 

+  38     2 

30.7 

9.728 

0.675 

17       9  54  48 

6 

6  ,4 

—  1   51.74 

—  6  57.4 

10  58     5.32 

+  31   33 

13.7 

9.687 

0.767 

9  54  48 

7 

6  ,4 

—2  4  7.14 

+    2  30.0 

10  58     5.50 

+  31   33 

9.5 

9.687 

0.767 

21       9  11  35 

8 

9  .  1 

+  1   58.92 

+  13  13.0 

11    28   1  1.06 

+  25      7 

23.2 

9.667 

0.731 

24       9  27  00 

9 

9  ,4 

-1    29.02 

+  8     2.2 

11   41   50.15 

+  21   35 

53.7 

9.656 

0  756 

9   29  21 

10 

3,2 

—5  47.  in 

—   0  30.1 

11   41    50.70 

+  21  35 

50.7 

9.656 

0.758 

Mean   Places  for  1S9S 

.0  of  Comparison- Stars. 

Red.  to 

5 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

9     6   18.76 

+  0.31 

+  44    to     3.1 

+8.2 

Oe.Argel.N.  9690 

2 

9  37  24.34 

+  0.15 

+  42  32  38.8 

+  7.8 

Lai.  19043,  4  1  ;  Weisse's  Bessel  IX.  749 

3 

9  59   17.87 

+  0.55 

+  40  23  21.7 

+  7.4 

Olmiitz  ring-microm.  ;  Cincin. filar-mictom. 

4 

10     0  40 

+  0.55 

+  40  18 

+  7.4 

1>M.40°2289 

5 

10   12     4.26 

+  0.59 

+  38     2  36.3 

+  6.9 

Yarnall  4376 

6 

10  59  56.31 

+  0.75 

+  31   40     6.2 

+  4.9 

Bonn  VI,  3T2232 

7 

11      0  51.89 

+  0.75 

+  31  30  34.6 

+  4.9 

Leiden  A.G.Z.  27.37;   166,  149 

8 

11   26   14.37 

+  0.77 

+  24   54     7.2 

+  3.0 

Armagb2  1330  ;  Bonn  VI.  25°2388 

9 

11  43   18.37 

+  0.80 

+  21    27  49.8 

+  1.7 

Berlin  A.<;.Z.  235,  19  ;   246,50 

10 

11   47  37.28 

+0.82 

+  21  36   19.2 

+  1.6 

Microm.  comparison  with  Bonn  VI,  21°2370 

RESEARCHES  UPON   COMET  1889  V, 

By  CHARLES  LANE  POOR. 


Several  papers  have  appeared  in  which  was  discussed  the 
action  of  Jupiter  upon  Comet  1889  V  |  Brooks).  For  these, 
radically  different  periods  were  given  for  the  comet  before 
it  entered  the  sphere  of  Jupiter'*  activity,  in  1886.  In  Dr. 
(  11  vndi.kk's  original  paper  (Astronomical  Journal,  no.  205). 
the  period  of  the  comet  in  1886  was  given  as  twenty-six  and 
a  half  (26.5)  years.  This  result,  however,  depended  upon 
the  observations  of  only  about  three  months.  In  J. ./.no. 
228,  I  gave  the  period  as  deduced  from  an  orbit  that  included 
observations  of  over  eight  months;  this  period  was  twenty- 
nine  (29)  years.  In  both  of  these  results  only  the  principal 
perturbations  were  taken  into  account,  the  entire  disturb- 
ance being  considered  as  taking  place  during  the  few  months 
of  closest  approach.  In  a  later  number  of  the  Journal, 
no.  244,  I  gave  the  results  obtained  by  taking  account  of 
the  action  of  Jupiter  during  the  entire  interval  between  the 
time  of  appulse  and  that  of  the  comet's  appearance.  The 
orbit  on  which  this  work  was  based  was.  however,  not  de- 
finitive, being  obtained,  by  the  method  of  variation  of  geo- 


centric distances,  from  ten  normal  places  between  July  1889 
and  December  1890.  This  work  gave  a  period  of  over  forty 
(40)  years  for  the  comet  before  1886. 

'  As  the  interest  in  this  problem  was  very  much  increased 
by  the  great  probability  of  the  comet's  identity  with  that  of 
Lexell,  177D,  as. was  first  pointed  out  by  Dr.  Chandler,  I 
determined  to  re-investigate  the  character  of  the  ap]  ulse. 
and  to  do  the  work  in  as  thorough  a  manner  as  possible.  I 
was  greatly  aided  in  the  undertaking  by  the  appearance  of  a 
definitive  orbit  of  the  comet,  computed  in  a  most  careful  and 
painstaking  manner  by  Dr.  Julius  Bauschinger.  Thiswori 
is  entitled  "  Untersuchungen  uber  den  periodischen  Kometen 
1889  V  (Brooks)."  I  Theil.  So  complete  was  this  invi 
gatiou  of  the  orbit,  that  it  seemed  utterly  useless  to  attempt 
to  improve  upon  it;  I  therefore  made  it  the  basis  of  my 
work. 

Unfortunately,  however.  Dr.  BAUSCHINGER  finds  a  direct 
solution  of  his  normal  equations  impossible;  the  last  ele- 
ment determined  being  very  uncertain.     He,  therefore,  as  is 
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usual  in  such  cases,  determines  bbi  lemaining  elements  as 
ions  of  this  one,  JM\  whose  value  is  subsequently 
found  by  substitution  in  tbe  original  equations  of  condition. 
His  final  elements  are  tben  still  subject  to  an  uncertainty, 
very  slight  indeed,  but  enough  to  affect,  to  some  extent,  the 
character  of  tbe  appulse  with  Jupiter.  In  order  to  take  ac- 
count of  this  uncertainty,  and  to  show  at  :i  glance  our  actual 
knowledge  of  the  movements  of  this  interesting  body,  I  have 
solved  his  equations  anew,  and  have  expressed  the  elements 
in  terms  of  an  indeterminate  quantity. 

From  the  equations  and  quantities  given  in  Dr.  Bauscbing- 
ee's  paper,  \\  e  find  at  once  : 

/lu  =  —  0.4609   +  0.011  399  ^itf 


//</>  =  +64.227 
zli  =  —  -2.079 
zJQ,=   +11.870 

Jn  =  —12.892 


—1.396  130  JM 
—0.1 13  953  JM° 
— 0.01 7366  AM" 
—8.059  290  JM° 


Now  put 


IM     —  —  41".53      +l".0r 


where  >■  is  :m v  number,  positive  or  negative.  When  >■  is 
zero,  this  will  reduce  the  value  of  .IM°  to  that  accepted 
by  Badschinger  as  his  definitive  form.  Applying  these 
corrections,  the  definitive  elements  of  the  comet  take  the 
\  ariable  form : 

1889  Sept.  80.5  Berlin  Mean  '1'ime. 

M"  =       0     1     5.01    +1.0i 

n  —       1   34   54.99  —  3.070:  > 

8  = 


lN'.IO.O 


17  59  1.37  —0.0174* 
co  ==  343  35  50.62  —3.0593* 
i  =  6  4  6.;j7  —0.1140* 
tf>  =  28  5  5.75  — 1.31)61  r 
u  —  501". 72306        +0".0114* 

In  order  to  determine  the  limits  within  which  r  may  vary. 
I  had  recourse  to  the  equations  of  condition.  I  substituted 
in  these  the  values  of  the  collections  to  the  elements  for 
different  assumed  values  of  v ;  the  results  of  this  substi- 
tution are  shown  iu  the  following  table,  wherein  the  results 
for      v  =  0      are    taken  direct  from  Bauschikgeu's  paper. 


Normal  Place 

Weight 

Residuals 

for  Different  Values  of  ' 

a 

6 

r  =  —40 

V  =  —10 

v  =  0 

v  =  +10 

'  = 

+40 

JocostS        Jd 

Ja 

COSd         J(i 

Ja  cos  <S        Jd 

Jocose!       J& 

Ja  cos  ti 

Jri 

1. 

1889  July 

■is.;, 

23  6 

20.  G 

+  0.22   —  2.3 

+  0.17  —  0.9 

+  0.14  —  0.6 

+  0.12   —0.2 
—  .05   +    .3 

+  0.06 

+     1.1 

2 

Aug. 

25.5 

28.8 

1 9  0 

+    .15   —  0.1 

+ 

.03    +      .2 

—    .01     +       .1 

—   .17 

-1     0.5 

3. 

Sept. 

2.5 

35.0 

27.4 

+    .04   —     .1 

— 

.04   +      .1 

—  .06   +      .1 

—  .09   +   .1 

—  .17 

+      .2 

4. 

Sept. 

18.5 

25.4 

lit.;, 

—  .09   +      .8 

— 

.04   +      .6 

—  .02   +      .6 

—  .01   +   .6 

+   .03 

+      .4 

5. 

Sept. 

30.5 

24.3 

15..S 

—  .20   +   0.8 

— 

.08   +      .5 

—  .04   +      .3 

—  .01    +    .2 

+    .12 

—     .1 

6. 

Oct. 

16.5 

21.8 

16.3 

—  .18   +    1.2 

— 

.03   +      .6 

+    .02   +      .3 

+   .07   +    .1 

+    .20 

—  0.6 

7. 

Oct. 

24.5 

16.3 

9.5 

—  .05   +   0.6 

+ 

.06  —     .2 

+    .10  —     .5 

+    .21   —  .8 

+    .26 

—   1.7 

8. 

Nov. 

13.5 

22.4 

14.9 

—  .04   +    1.2 

— 

.02   +   0.7 

—  .01    +      .3 

—  .01    +   .1 

+    .01 

—  0.9 

9. 

Nov. 

21.5 

20.7 

18.8 

—  .05   +    1.7 

— 

.08   +    1.2 

—  .09   +      .8 

—  .09   +   .5 

—  .12 

—     .0 

10. 

Dec. 

19.5 

19.3 

19.4 

+    .17   +   0.1 

+ 

.06  —  0.1 

+    .02  —     .4 

—   .01   —   .6 

—   .12 

—     .9 

11. 

1890  Jan. 

16.5 

15.0 

14.7 

+    .20  —   1.4 

4- 

.08   -      .7 

+    .05  —     .5 

+    .03  —  .3 

—  .08 

+   0.3 

12. 

Feb. 

13.5 

17.0 

14.6 

—  .01    —   1.6 

— 

.03  —  0.3 

—  .04   +   0.3 

—  .05   +0.9 

—  .08 

+   2.5 

13. 

Mar. 

1  5 . 5 

4.9 

5.2 

+    .23  —  5.3 

+ 

.34  —  3.1 

+    .33  —   1.7 

+     40  —1.0 

+    .44 

+    1.8 

14. 

Nov. 

22.5 

2.0 

2.0 

+    .21    —  0.4 

+ 

.28   +   2.7 

+    .20   +   3.6 

+    .32   +4.8 

+    .38 

+    7.6 

15. 

Dec. 

29.0 

1.0 

1.0 

—  .22  —14.3 

— 

.14  —11.0 

—  .11  —10.2 

—  .08  —9.1 

+    .01 

—  7.8 

16. 

1891  Jan. 

12.5 

2.0 

2.0 

—0.38   +   4.7 

— 

1.17    +    4.8 

—0.09   +   7.8 

—0.02   +6.3 

+  0.19 

+  11.0 

[>ot] 

1972".6 

767".9 

731".  5 

84  4". 3 

2038".  1 

From  this  table  we  see  that  for  v  equal  to,  or  greater  than, 
±40,  the  residuals  in  both  right-ascension  and  declination 
become  larger  than  the  accuracy  of  modern  observations 
warrants,  and  further,  that  the  signs  of  these  residuals  follow 
each  other  in  a  systematic  way.  Heuce  I  conclude  that  the 
extreme  possible  limits  of  1  are,  as  given,  ±40.  Again, 
the  table  shows  that  for  small  values  of  r  the  resulting  re- 
siduals are  nearly  as  satisfactory  as  those  obtained  with 
Bacschinger's  definitive  elements ;  the  signs  appear  to 
follow  no  regular  law,  and  the  residuals  themselves  are  all 
within  reasonable  limits.  Again,  for  values  of  r  equal  to 
±10,  the  sum  of  the  squares  of  the  residuals  is  but  very 
little  iu  excess  of  that  obtained  with  1  equal  to  zero,  be- 
ing 731". 5  iu  this  last  case,  and  only  764". 9  for  r  =  — 10, 
and  844". 3  for     i  =  +10.     This    investigation    convinced 


me  that  the  elements  are  still  to  be  regarded  as  uncertain 
to  a  limited  extent:  that  the  true  elements  are  most  prob- 
ably to  be  found  by  making  v  vary  between  the  limits  of 
±15;  that  they  are  certainly  included  in  those  found  by 
making  v  vary  between  the  extreme  limits  of    ±40. 

Perturbations  between  1889  and  1886.  Previous  experi- 
ence had  shown  me  that  no  conclusions  can  be  drawn  iu 
regard  to  the  comet's  past  history,  unless  these  pertur- 
bations are  most  carefully  computed.  As  already  mentioned, 
I  had  once  computed  the  perturbations  clue  to  Jupiter  for 
this  entire  period,  but  with  elements  which  differed  slightly 
from  those  adopted  in  this  present  discussion.  These  per- 
turbations of  the  elements  had  been  computed  with  the  usual 
regard  to  terms  of  the  second  aud  higher  order.  These  old 
perturbations  were  uow  integrated  for  the  date  of  each  uew 
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M°  =  213  15  46.82   +1.0* 
,t  =       2  35  23.59  —3.0767* 
Q   =     19     2  59.88  —  0.017J  v 


1886  0 


w  =  343  32  23.71  — 3.0593i 

i  =       7  27     3.80  —  O.ll-lnr  I 

6  =z     31  48  33.33  —1.3961* 

u  =  522". 09375  +0.0114* 

loga  =  0".5548.399  —0.000006  579  i 

Hyperbolic  Orbit  about  Jupiter.  The  general  method  fol- 
lowed, in  making  the  transformation  to  Jvpiier  as  the  center 
of  motion,  was  that  given  by  Laplace  in  the  Micanique 
tte.  In  this  computation  then-  are  but  one  or  two  points 
that  need  special  mention.  First,  by  means  of  differential 
formulas,  derived  from  those  given  in  Watson,  I  formed 
general  expressions  in  terms  of  the  indeterminate,  i.  for  the 
heliocentric  rectangular  coordinates  of  the  comet,  ami  lor 
their  derivatives  with  respect  to  the  time.  A<_rain  the  po- 
sition of  Jupiter  on  the  date  of  transformation,  namely. 
1886  October  26.5,  was  carefully    taken   from  the  British 


computation,  and  the  results  applied  to  the  above  adopted 
elements;  >•  being  regarded  as  zero.  With  the  elements 
thus  derived  for  any  given  date  the  perturbations  were  again 
computed;  and  when  the  action  of  Jupiter  became  very 
large,  these  perturbations  were  integrated,  applied,  and  the 
computations  made  anew.  The  final  results  were  carefully 
tested  by  differencing,  and  by  independent  computations. 

During  this  interval  the  actions  of  the  following  planets 
were  considered:  the  Earth,  Mars,  Jupiter,  and  Saturn ; 
the  adopted  mass  of  each  being  that  given  by  Oppolzer. 
The  perturbations  due  to  the  Earth,  and  to  Mars,  were  taken 
into  account,  from  the  epoch  of  osculation  until  October 
1888;  tiiose  due  to  Saturn  until  March  1887,  from  which 
time  on  Jupiter  alone   was    considered.     The    intervals    of 

putation    were    as    follows:    from    September    1889    to 

L887  March  25.5,  twenty  days;  from  March  1887  to  1886 
December  2.V5,  ten  days;  and  from  December  1886  to  1886 
I  October  26.5,  four  days. 

The  results  thus  obtained  apply  of  course  only  to  the 
mean  values  of  the  elements  ;  that  is.  to  that  Sel  of  elements 
obtained  by  putting  v  =  0.  For  small  values  of  c,  the 
resulting  perturbations  during  this  interval  do  not  differ 
appreciably  from  those  found  as  above;  but  for  values  of 
i  near  the  extreme  limits,  ±40,  the  differences  begin  to  be- 
come noticeable,  and  to  be  rigorously  accurate  the  pertur- 
bations should  be  recomputed  for  different  values  of  i,  at 
least  for  the  interval  between  March  1**7  and  October  1886. 
This  would  detail  considerable  labor  for  the  mere  sake  of  a 
degree  of  accuracy  of  no  practical  value,  for  these  extreme 
limits  of  i-  are  retained  merely  to  gauge  the  accuracy  of  our 
final  conclusions.  He  luce  I  have  applied  the  perturbations, 
found  as  above,  directly  to  the  adopted  elements  without 
regard  to  any  changes  that  might  be  introduced  by  the 
different  values  that  i'  may  attain.  The  resulting  elements 
are  as   follows  : 

1886  Oct.  26.5  Greenwich  Mean  Time. 


Nautical  Almanac,  the  latitude  and  the  longitude  being  re- 
duced to  the  mean  equinox  of  1886.0.  To  find  the  deriva- 
tives of  these  quantities  1  took  from  the  Almanac  a  series 
of  complete  positions  of  the  planet,  reducing  each  to  the 
same  mean  equinox.  The  longitudes,  for  example,  were 
tabulated,  and  the  differences  found  to  the  fifth  order,  and 
from  these  diffi  renci  s,  by  means  of  the  formulas  for  inter- 
polation, I  found  the  value  that  the  first  differi  nee  should 
have  at  the  required  date.  Dividing  this  by  four,  the  num- 
ber of  days'  interval  between  the  successive  longitudes  in 
the  series,  1  found  very  accurately  the  rate  of  change  of 
the  longitude;  and  similar  methods  gave  me  the  correspi  lin- 
ing quantities  for  the  latitude  and  the  radius  vector.  The 
necessary  data  in  respect  to  Jupiter  are  then  as  follows  ; 

;.  =       197°38  31.19 

p1  =  +      117  46.32 
logp  =  0.736  Hi 

II  =   +0°  4'  31". 749 
I',  =  — 0".8812o 
/  log  P  =  —0.0000025525 
From  these  the   rectangular  coordinates  and  their  deriva- 
tives were  easily  computed,  and  subtracting  these  results 
from  the  corresponding  quantities  for  the  comet,  derived  as 
above  explained,  we  have  for  the  relative  coordinates  of  the 
comet,  and  for  their  derivatives: 
x  =       [8.560  9931] 
y  =       [9.439  0153] 
z  =  —[8.866  2969] 
dx  =       [6.438  1305] 
dy  =       [7.338  6657] 
dz  =  —[6.818  0123] 
in  which  the  logarithms  of  the  actual  numbers  are  given. 
The  terms  containing  the  second  and  higher  powers  of  v  are 
very  small,  and  may  be  neglected  entirely  for  all  values  of  r 
between  ±40,  the  extreme  limits  of  possibility. 

From  these  are  derived  the  expressions  for  the  three  con- 
stants of  areas,  c,  c',  and  <•",  and  for  the  major  semi-axis 
of  the  comet's  orbit  about  Jupiter,  namely  : 

c=  +[4.753  7030]  +[2.8096911]* 
c'=  —[4.631  1140]  —[2.6118987]* 
c"=  —[5.3100166]  —[3.2707178]* 
a  =  —[8.9328649  +[5.0117404]* 
and  consequently  for  all  admissible  values  of  v  the  relative 
orbit  was  hyperbolic. 

From  the  above  quantities  are  readily  derived  the  com- 
plete hyperbolic  elements,  which  represent  the  variable  orbit 
that  the  comet  described  about  Jupiter.  1886  October ". 
These  elements  in  terms  of  the  indeterminate,  v,  arc  as  follows  : 

'         tr 

+  249.59* 
—  14. -.'1  v 
—120.66* 
+    19.30* 


+  [5.3912947]* 
+  [6.2745207]* 
+  [5.346  5331]* 
—[3.395  9433]* 
—[3.2054896]* 
—[1.964  6821]* 


n  =  283    11  55.12 

Q,   =  258   10  1  1.80 

i  =  74   52  8.00 

F  =  76  34  22.82 


10274* 

+  0.000179192* 


a  =  —0.085  6771 
e  =       1 .009  7088 
The  time  of  peri-jovian  passage  is  found,  neglecting  tin- 
effect  of  the  solar  perturbations,  to  be 

1886  July  19.870000     +0.081353* 
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Ami  using  the   elements  for  .lulv  20,   I  find  for  the  peri- 
jovian  distance  of  the  cornel  the  following,  in   which   the 
semi-diameter  of  Jupiter  is  taken  ss  the  unit  : 
q  —  2.3i      -I  0.033* 
That  is,  the  conn  I  nol  ouly  passed  through  the  system  of 
Jupiter' a  satellites,  btif  it  actually  passed  within  the  orbit  of 
the  liisi  satellite,  whose  mean  distance  is  5.93  radii  v\'  the 
planet.     Taking  the  extreme  limits  of  v  we  are  safe  in  say- 
ing thai  tlic  comet  passed  the  center  of  Jupiter  at  a  distance 
greater  than  3.63,  and  not  less  than   1.00  radii  of  the 
planet.      In  other  words,  the  center  of  the  comet  may  have 
touched  the  surface  of  Jupiter,  and  it  certainly  approached 


that  surface  to  within  a  distance  of  2.63  radii  of  the  planet, 
or  only  112300  miles.  Even  this  latter  is  a  very  small 
quantity. 

For  the  most  probable  hypothesis,  that  of  r  =  0,  the 
comet  was  2.65  days  within  the  system  of  Jupiter's  satel- 
lites, and  during  this  time  it  made  nearly  a  complete  circuit 
about  the  planet,  passing  over  an  arc  of  313°  of  longitude. 
The  comet  entered  the  Jovian  system  in  longitude  118°  on 
July  18.77,  passed  the  planet  July  20.10  at  a  distance  of 
only  2.28  radii,  and  July  21.43  left  the  system  in  longi- 
tude 71°.  During  this  time  it  must  have  collided  with  one 
or  more  of  the  satellites. 


(To  be  continued.) 


OBSERVATIONS   OF   COMETS, 

MADE    AT   THE   CINCINNATI   OBSERVATORY, 

By  J.   G.  PORTER. 


1893  Cincinnati  M.T. 


* 


No. 
Corop. 


Jo.  JS 


's  apparent 


logpA 

for  a  for  i\ 


Comet  &  1893. 


Aug.     1 

3 
5 


12 
14 


8   14  18 

8    U  18 

8  22  2 

8  16  50 

8   16  50 

8  25  0 

8  25  0 

8  13  47 

8   10  13 

8  10  38 


1 

4  . 

4 

■) 

8, 

8 

3 

8 

4 

6  , 

6 

5 

6  , 

6 

6 

■1  i 

4 

7 

6  , 

6 

8 

8, 

8 

9 

8  , 

s 

10 

12  , 

12 

+  1  16.62 

— 0  42.04 

—2  32.27 

— 0  5.40 

—  1  14.29 

+  2  52.70 

— 0  3.91 

+  0  37.12 

— 1  36.32 

— 0  24.02 


+  10   14.7 

—  4  48.8 

—  2  41.7 
+    3     5.7 

—  0  43.6 
—14  59.5 
+  4  33.3 
+  1  22.7 
+  0  27.5 
+   0  39.0 


•> 
■> 
•> 
2 
■2 

2  8 
2  8 
2  9 
2  12 
2   11 


3.04 

3.04 

57. 75 

25.62 

25.45 
34.06 
33.77 
30.81 
52.16 
18.62 


+  15 
+  15 
+  14 
+  13 
+  13 
+  12 
+  12 
+  12 
+  11 
+  10 


37 
36 

34 
38 
38 
48 
49 
26 
5 
29 


0.1 
56.6 

5.2 
46.1 
37.6 
59.7 

5.1 
29.1 
13.4 
47.8 


9.661 
9.661 
9.664 
9.663 
9.663 
9.667 
9.667 
9.663 
9.664 
9.665 


0.686 
0.686 
0.699 
0.703 
0.703 
0.714 
0.714 
0.711 
0.720 
0.725 


An?.  12     15     6  23 


11 


.  8 


Comet  a  1893  (Finlay). 
+  0  54.62  I   —  1   18.3  I     6     6  21.69  I   +23   12  36.7 


«9.694  I  0.679 


Mean  Places  _ 

for  1893.0  of  Cc 

mparison- Stars. 

* 

a 

Keel,  i" 
app.  place 

S 

Red.   to 

app.  place 

Authority 

h 

s 

■ 

■            // 

a 

1 

11 

59  45.64 

+0.78 

+  15 

26  45.7 

—0.3 

Weisse-Bessel  2,  XI,  1144 

2 

12 

1    44. 29 

+  0.79 

+  15 

41   45.7 

—0.3 

Weisse-Bessel  2,  XI,  1185 

3 

12 

6   29.24 

+  0.78 

+  14 

36  47.5 

—0.6 

Weisse-Bessel  2,  XII,  92 

4 

12 

6  30.26 

+  0.76 

+  13 

35  41.3 

—0.9 

Weisse-Bessel  1,  XII,  54;  Schjellerup 

4403 

5 

12 

7  38.97 

+  0.77 

+  13 

39  22.2 

—1.0 

Weisse-Bessel  1.  XII,  76;  B.B.  VI,  13 

°2507 

6 

12 

5   40.61 

+  0.75 

+  13 

4     0.4 

—1.2 

Gott.  2,  3101  ;  SchjelleruD  4395 

7 

12 

8  36.92 

+  0.76 

+  12 

44  33.1 

—  1.3 

Schjellerup  4415 

8 

12 

8  ."'2.93 

+  0.76 

+  12 

25     7.8 

—  1.4 

Weisse-Bessel  1,  XII,  95 

9 

12 

14   27.72 

+  0.76 

+  11 

4   47.9 

—2.0 

Weisse-Bessel  1,  XII,  192;  Munich  1, 

7919 

10 

12 

14   41.91 

+  0.73 

+  10 

29   10.9 

—2.1 

Glas.  1,3149;  Gott.  2,  3149  ;  Munich  1 

7925 

" 

6 

5  26.16 

+  0.91 

+  23 

13  46.4 

+  8.6 

Paris  7365  ;  Berlin  A. G.Z. 

Note.  — Comet  of  Finlay  on  August  12  was  exceedingly  faint.     Observation  difficult. 
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RESEARCHES  UPON   COMET  1889  V, 


By  CHARLES  LANE  POOR 
(Continual  from  Xo.  302.) 


In  Astronomical  Journal,  no.  30"_\  I  gave  the  definitive 

elements,  which  represent  the  osculating  hyperbola  that  the 
comet  was  describing  about  Jupiter  on  18S6  October  26.5. 
It  is  very  desirable  to  have  a  check  upon  Ihe  accuracy  with 
which  the  transformation  to  the  relative  orbit  was  made.  A 
simple,  but  complete,  control  upon  methods  and  computa- 
tions is  secured  as  follows. 

The  general  method  used,  which  was  first  proposed  by 
D'Alembebt,  consists  in  supposing  the  planet  to  have  a 
"  sphere  of  activity,"  within  which  the  relative  motion  of 
the  comet  is  affected  only  by  the  planet's  attraction  and  be- 
yond which  the  absolute  motion  of  the  comet  about  the  sun 
is  performed  as  if  the  sun  alone  acted  upon  it.  The  radius 
of  this  sphere  depends  upon  the  mass  of  the  planet  and  its 
distance  from  the  sun.  This  was  the  simple  method  after- 
wards used  by  LaPlace  and  again  by  LeVicrrier.  But, 
while  beautiful  and  simple,  it  ueglects  entirely  the  effect  of 
the  sun  as  disturbing  body  whilst  the  comet  is  traversing  its 
relative  orbit  about  the  planet.  It  will  become  more  effec- 
tive, if  we  merely  use  the  idea  of  the  ';  sphere  "  as  defining 
approximately  the  point,  at  which  we  may  conveniently 
transpose  the  suu  and  the  planet,  as  disturbing  and  central 
forces  ;  and  after  the  transformation  has  been  made,  we 
may  treat  the  sun  and  the  comet  as  bodies  revolving  about 
the  planet  as  central  body  ;  the  sun  acting  as  a  disturbing 
body  upon  the  comet.  The  perturbations  of  the  comet  by 
the  suu  may  be  computed  in  a  manner  entirely  similar  to  the 
usual  methods.  The  exact  point  in  the  comet's  orbit,  at 
which  the  transformation  is  made,  is  of  no  great  impor- 
tance, provided  that  the  perturbations  be  carefully  computed 
both  before  and  after;  and  this  fact  furnishes  us  with  the 
desired,  and  an  absolute,  control. 

As  the  comet  approaches  Jupiter  in  its  orbit  about  the  sun, 
compute  carefully  the  plauetary  perturbations,  thus  deriving 
the  osculating  elliptic  elements  of  the  comet  for  two  dates. 
/  and  t',  one  of  which,  t.  is  that  upon  which  the  comet  enters 
the  so  called  "  sphere,"  the  other,  (',  being  ten  days  or  two 
weeks  later,  or  after  the  comet  is  well  within  the  sphere. 
From  theosculatiug  elements  of  date?  compute  the  heliocen- 
tric coordinates  and  their  derivatives  for  that  date,  thence 


find  the  coordinates  and  velocities  relative  to  Jupiter,  and 
thence  by  the  transformation-formulas  the  osculating  hyper- 
bola about  Jupiter  ;  with  these  hyperbolic  elements  compute 
the  solar  perturbations  for  the  interval  t'  —  t,  apply  them  and 
thus  derive  the  osculating  hyperbola  for  the  date,  f.  With 
these  elements  we  may  readily  compute  the  coordinates,  a;', 
y\  z',  of  the  comet  referred  to  Jupiter  for  the  date  /'. 

Then  with  the  osculating  elliptic  elements  of  the  comet 
about  the  suu,  as  already  derived  for  the  date.  t'.  we  com- 
pute first  the  heliocentric  coordinates  of  the  comet  and 
thence  derive  the  coordinates,  x",  y",  z",  of  the  comet  re- 
ferred to  Jupiter  for  the  date  V .  If  all  formulas  and  com- 
putations are  correct,  we  shall  have  absolutely. 
x'  =  x"  y'  =  y"  z'  —  z" 
and  a  perfect  control  is  secured. 

In  my  work,  the  date  chosen  to  make  the  transformation 
to  Jupiter  as  the  center  of  motion  was,  as  has  already  been 
given,  1886  Oct.  26.5  ;  the  interval,  t'  —  t.  was  taken  us 
sixteen  days,  thus  making  the  check-date  October  10.5.  A 
longer  check-interval  cannot  well  be  used,  for  the  perturba- 
tions of  the  elliptic  elements  become  more  and  more  difficult 
of  computation  as  we  advance  nearer  and  nearer  to  Jupiter. 
I  first  applied  to  the  hyperbolic  elements  for  October  : 
that  correspond  to  r  equal  to  0,  the  solar  perturbations 
for  sixteen  days  ;  thus  deriving  the  osculating  hyperbolic 
elements  for  October  10.5.  From  these  I  then  found  the 
rectangular  coordinates,  x',  y'.  «',  of  the  comet  referred  to 
Jupiter.  Then  to  the  elliptic  elements  of  October  26.5  1 
applied  the  pertubations  due  to  Jupiter  for  the  same  interval, 
and  thus  found  the  osculating  elliptic  elements  of  the  comet 
about  the  suu  for  October  10.5.  From  these  I  then  com- 
puted the  heliQcentric  coordinates  of  the  comet  and  thence 
the  rectangular  coordinates,  x",  y".  z" ',  of  the  comet  referred 
to  Jupiter.  Comparing  the  two  sets  of  results  thus  found. 
I  have  a»  follows  : 

x"  —  x'  =  — 0.0U0006 

y"  —  y'  =   +0.000052 

z"  —  z'  =   +0.000049 
These  differences  are  all  considerably  less  than  a  ten! 
one  per  cent  of  the  corresponding  quantities,  that  in  2  being 
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relatively  by  Ear  the  largest.  Such  errors  may  well  arise 
from  the  unavoidable  use  of  mathematical  tables,  and  are 
small  enough  to  establish  the  substantial  accuracy  of  both 
methods  and  computations. 

In  order  to  secure  a  control  on  the  values  of  the  coeffi- 
cients of  v  in  the  hyperbola  about  Jupiter  I  made  an  inde- 
pendent computation  of  the  elements  for  r  =  +20.  That 
is,  in  the  given  elliptic  elements  for  October  26.5  I  gave  v 
the  above  value,  and  from  the  resulting  elements  derived  the 
corresponding  relative  hyperbolic  elements,  and  compared 
the  results  with  those  obtained  directly  from  the  definitive 
hyperbolic  elements  by  substituting  for  v,  +20.  Although 
the  check-computation  was  made  with  five-place  tables  the 
results  of  this  comparison  were  satisfactory,  as  will  be  seen 
from  the  following,  where  the  residuals  are  taken  in  the 
sense,  check — computation  : 

JF  =   +0'.32 

Ai    =  — O'.oO 
/,(    =  —0.000  012 

Solar  Perturbations,  October  to  March  1886.  During  the 
time  that  the  comet  was  traversing  the  relative  orbit  about 
Jupiter,  the  sun  acted  as  a  disturbing  body  and  this  action 
had  to  be  taken  account  of.  In  order  to  do  this  I  computed 
the  solar  perturbations  for  the  entire  interval  between  Octo- 
ber and  March,  using  an  eight-day  period.  The  method 
used  in  this  work  was  that  of  the  variation  of  constants. 
the  necessary  formulas  being  specially  derived  from  the 
equations  of  hyperbolic  motion  as  given  by  Watson.  The 
quantities  of  which  the  perturbations  were  found  are  as  fol- 
lows :  the  four  elements,  n,  Q,,  i,  and  e  and  the  two  auxil- 
iaries, v  and  N,  (Watson's  notation.)  In  this  form  I  found 
the  perturbations  very  easy  of  computation,  and  the  method, 
on  the  whole,  decidedly  preferable  to  that  of  the  "  varia- 
tion of  coordinates,"  which  I  had  used  in  a  former  discus- 
sion of  this  same  problem.  The  great  trouble  with  this  lat- 
ter method  is  the  indirect  terms  of  the  differential  coeffici- 
ents, which,  owing  to  the  very  small  value  cf  ?■,  become 
large  and  difficult  to  approximate  to.  This  necessitates  the 
integration  of  the  perturbations,  their  application,  and  the 
derivation  of  new  osculating  elements  at  several  epochs  dur- 
ing the  interval  under  discussion. 

In  computing  these  perturbations,  the  elements  corres- 
ponding to  the  mean  value  of  v  were  used,  and  rigorously, 


therefore,  the  results  apply  only  to  the  mean  hyperbola. 
All  precautions  were  taken  for  allowing  for  the  terms  of  the 
second  and  higher  orders  ;  the  variable  elements  for  the  date 
being  used  for  each  computation,  and  the  results  tested  by 
differencing  and  by  independent  computations.  A  very  fair 
check  on  these  perturbations  was  furnished  by  my  previous 
investigation  of  this  same  problem,  in  which  the  method  of 
variation  of  coordinates  was  used.  In  that  work,  however, 
a  slightly  different  hyperbola  was  used;  and  the  results  of 
the  two  methods  cannot  therefore  be  directly  compared, 
but,  making  allowance  for  this  fact,  the  results  are  in  sub- 
stantial agreement,  thus  showing  that  the  entire  computa- 
tion of  these  perturbations  is  in  the  main  correct. 

For  the  date  chosen  to  transfer  the  center  of  motion  back 
to  the  sun,  namely  1886  March  24.5,  the  integrated  values 
of  these  solar  perturbations  are  as  follows,  the  osculating 
hyperbola  being  that  of  October  26.5  : 

In  =  +  0°  31  44.0 
J9,  =  —  2  1  14.6 
Ai  =  —  11  9  53.2 
Ae  =  +  0.00168500 
Av  =  —  0.000  42543 
AN=   +   0.04011960 

For  those  hyperbolas  that  correspond  to  large  positive  or 
negative  values  of  the  indeterminate  )•,  the  perturbations 
would  differ  considerably  from  those  above  given,  but  on 
account  of  the  great  labor  involved  in  making  separate 
determinations  for  various  values  of  r,  I  have  used  the 
above  mean  values  and  have  applied  them  directly  to  the 
various  hyperbolas. 

The  results  of  this  application  of  the  solar  perturbations 
are  shown  in  the  following  table,  wherein  are  to  be  found 
various  sets  of  hyperbolic  elements  corresponding  to  differ- 
ent values  of  v  between  the  extreme  limits  of  ±40.  These 
elements  all  are  osculating  for  March  24.5  and  with  the  ex- 
ception of  the  mean  set,  they  are  all  given  in  decimals  of  a 
minute  of  arc  and  in  logarithms  of  but  five  places.  This 
table  shows  at  a  glance  the  various  possible  paths  that  the 
comet  may  have  described  about  Jupiter,  the  most  notice- 
able fact  being  the  great  variation  of  the  eccentricity  ;  this 
element  changing  from  1.0042,  for  v  =  —40,  to  1.0186, 
for   v  =   +40. 


Hi-perboi.ic  Elements  for  Different  Values  of  v. 
Epoch,  1886  March  24.5. 


v  =  —40 

v  =  —20 

v  =  —10 

v  =  0 

v  =  +10 

V  =  +20 

v  =  +40 

It 

i 
F 

log  a 

loge 
log  V 

281°  27'.25 

256   18  .39 

65      2  .69 

—77  55  .10 

8.94  876 
0.00  183 
7.94  007 

282°  50'.55 

256   13  .69 

64   22  .47 

—77  47.00 

8.94  766 
0.00  338 
7.94  172 

283°  32'. 10 

256    1 1  .32 

64      2  .36 

—77   43  .00 

8.94  712 
0.00  415 
7.94  254 

284°  13' 39" 
256      8   56 
63    42    15 
—  77    38  50 

8.916  5697 
0.004  9202 
7.943  3570 

284°  55'.  21 

256      6.  58 

63    22.  11 

—77    34.  70 

8.91  602 
0.00  569 
7.94  418 

285°  36'.75 

256      4  .21 

63      2  .03 

—  77    30.50 

8.94  548 
0.00  646 
7.94  499 

287°    O'.Oo 

255    59.50 

G2    21.80 

—77    22.06 

8.94  440 
0.00  798 
7.94  662 
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Transformation  to  the  Sun.  It  was  impossible  to  find 
tin1  orbit  about  the  sun  directly  in  terms  of  tbe  indetermi- 
nate, r ;  for  tbe  coefficients  of  this  quantity  in  the  hyperbola 
about  Jupiter  were  so  large  that,  in  the  differential  forum- 
las  of  tbe  transformation,  it  would  have  been  necessary  to 
use  tht:  terms  of  tbe  second  and  even  of  higher  orders.  This 
would  have  made  tbe  formulas  too  complicated  for  practical 
application.  Tbe  method  used,  therefore,  to  determine!  the 
various  paths  about  tbe  sun,  was  to  take  tbe  hyperbolas, 
given  in  the  above  table  and  which  correspond  to  seven 
different  values  of  v,  and  to  effect  the  transformation  with 
each  one  of  these  separately,  and  to  form  a  table  of  tbe 
results  from  which  tbe  orbit  corresponding  to  any  value  of 
r.  may  be  found  by  simple  interpolation. 

The  coordinates  and  velocities  of  Jupiter  on  the  date  of 
transformation,  March  24.5,  were  found  in  tbe  manner 
already  explained  and  are  as  follows  : 


X 

logp 

M 

J? 

Alogp 


181°  20'  4".82 
+  1  17  50  .70 
0.7364961 
+  0°  4'  32".206 
+  0  0  0.868 
+  0.000  00581 


From  these  the  rectangular  coordinates  and  velocil 
tbe  ecliptic  being  taken  as  tbe  fundamental  plane,  are  at 
once  derived.  Then  from  the  various  hyperbolas  in  tbe 
above  table  are  computed  the  corresponding  quantities  for 
tbe  comet  in  reference  to  Jupiter  as  center  and  by  combin- 
ing tbe  results,  thus  obtained,  with  those  found  for  Jup\ 
i\c  derive  tbe  heliocentric  coordinates  and  velocities  of  the 
comet.  These  latter  quantities  are  exhibited  in  the  follow- 
ing table  ;  in  which  the  logarithms  of  the  actual  numbers 
are  given. 


Heliocentric  Coordinates  and  Velocities  of  the  Comet. 
188fi  March  24.0. 


J' 

X 

y 

z 

dx 

dy 

dz 

—40 

7*0.766  63 

9.230  27 

n8.569  22 

6.007  67 

7(7.96128 

7.01643 

—20 

n0.73759 

9.195  49 

Jt8.70798 

6.24690 

7(7.95899 

7.055  35 

—10 

«0.738  02 

'.M78  00 

7(8.75312 

6.322  45 

7(7.95789 

7.07103 

0 

«0. 738  4330 

9.159  8339 

7(8.789  5649 

6.3854750 

7(7.956  7976 

7.085  1617 

+  10 

?(0.73883 

9.141  17 

7(8.819  95 

6.439  62 

7(7.955  69 

7.09802 

+  20 

9(0.739  22 

9.12189 

7(8.845  59 

6.48715 

7(7.95459 

7.109  80 

+  40 

kO.73995 

9.081  11 

7(8.886  32 

6.56786 

7U.952  36 

7.13073 

From  these  are  derived  tbe  expressions  for  tbe  three 
constants  of  areas,  c,  c'  and  c",  and  that  for  the  semi-axis 
major  of  the  comet's  orbit  about  the  suu.  The  values  of 
these  quantities  for  tbe  definitive  orbit,  or  for  r  equal  to 
zero,  are  as  follows  : 

logc  =     S. 694  9230 
logc'=  »7.8226181 

log  c"=  u6.581  '."i)7 
log  a  =     1.0.S1  2668 


and  consequently  the  resulting  orbit  is  an  ellipse  of  41.87 
years'  period. 

From  these  and  from  the  similar  quantities,  derived  for 
the  different  values  of  r,  are  readily  found  the  complete 
elliptic  elements  which  represent  the  various  possible  orbits 
of  the  comet  about  the  suu  on  1886  March  24.5.  All  tbe 
final  results  are  collected  and  exhibited  in  the  following 
table,  in  which  the  given  elements  are  osculating  for  the 
date  of  transformation  and  are  referred  to  the  mean  equator 
and  equinox  of  1886.0.  The  dates  of  the  perihelion  pas- 
sage, as  there  given,  are  all  in  the  year  1886. 


Elliptic  Elements  ok  the  Comet  foi:  Different  Values  of  v. 
Epoch,  18SG  March  24.5. 


V  =  —40 

l>  =  —20 

r  =  —10 

».  =  0 

r  =  +10 

)•  =  +20 

v  =  +40 

n 

Si 

i 

log  a 

log  e 

log/x 

T 

184°  59'.7 

181    38  .8 

6    28  .7 

3   20  .9 

1.096  05 

9.751  04 

1.905  94 

30.0820 

May 

186°  10'.  1 

182   38.7 

7      7.0 

3    31  .4 

1.088  59 

'.'.71  1  78 

1.917  12 

13.6350 

Juue 

186°  42'.2 

182    59  .8 

7    23  .7 

3    42  .4 

1.084  92 
9.741  64 
1.922  63 

19.3820 
June 

187°  14'    0."7 

183    17    16.  S 
7    39    17.  6 
3    56    43.  9 

1.081  21 
9.738  4516 
1.928  1064 

24.0752 
Juue 

187°45'.8 

183    32  .1 

7    54.1 

4    13.7 

1.077  51 
9.735  15 

1.93;:  7  1 
29.0700 
June 

188°  17'.5 

183    44  .6 

8     8  .1 

4    32  .9 

1.073  82 
11   87 
1.939  28 
4.2750 
July 

189°  23'.6 

184      4  .5 

8    34  .3 

5    17  .1 

1.066  24 

9.725  03 

1.950  65 

14.6600 

July 
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In  making  the  transformation  from  the  hyperbola  to  the 
ellipse,  the  cheek  already  described  was  again  successfully 
applied,  although  the  agreements  were  not  quite  as  close  as 
in  the  former  work.  The  seven  independent  computations 
made  with  the  different  values  of  v  also  formed  a  partial 
check  on  the  whole  work. 

The  results  embodied  in  the  above  table  are  in  substan- 
tial agreement  with  those  obtained  in  my  former  discussion 
of  the  problem,  the  chief  difference  being  in  the  period, 
which  is  now  found  to  be  slightly  smaller  than  the  old  work 
indicated.  As  these  two  investigations  were  utterly  inde- 
pendent, different  formulas  and  different  methods  being 
used  in  many  parts  of  the  work,  the  agreement  of  the  results 
establishes,  I  think,  the  general  correctness  of  the  work. 

So  far,  however,  we  have  merely  determined  the  orbit 
that  the  comet  was  describing  at  the  moment  when  it  entered 
the  so-called  "  sphere  of  activity  "  of  the  planet.  For  some 
months  before  this  time,  the  planet  and  comet  were  so  close 
together  that  the  orbit  of  the  latter  was  continually  subject 
to  change  and  it  is,  therefore,  necessary  to  compute  the 
perturbations  for  this  interval.  For  this  purpose  the  ordi- 
nary method  of  the  variation  of  constants  was  used,  and, 
in  order  to  take  account  of  terms  of  the  secoud  and 
higher  orders,  the  variable  elements  for  the  date  were  used 
for  each  computation.  The  intervals  of  computation  were 
as  follows:  from  1886  March  24.5  to  January  3.5,  four 
days;  from  January  1886  to  July  7.5,  1885,  ten  days;  and 
from  July  1885,  to  1884  March  14.5,  forty  days.  During 
this  entire  time  Jupiter  alone  was  considered,  and  all  the 
computations  were  made  with  those  elements  which  corres- 
pond to  v  equal  to  zero.  Of  course  the  perturbations  thus 
obtained  apply  only  to  the  mean  set  of  elements  as  given  in 
the  above  table,  and,  while  those  that  might  be  derived 
from  any  of  the  other  sets  of  elements  would  differ  appre- 
ciably from  those  as  above  computed,  yet  on  the  whole  the 
final  results  would  not  be  greatly  affected  by  these  differences. 
Hence  I  have  applied  the  perturbations,  found  as  above, 
directly  to  the  various  setsof  elements  without  regard  to  any 
changes  that  might  be  introduced  by  separate  computations. 
The  resulting  definitive  elements  of  the  comet,  those  corres- 
ponding to  v  equal  to  zero,  are  then  as  follows  : 

1884  March  14.5.     Greenwich  Mean  Time. 

O  /  It 

L  =  161   49  54 

.7  =  188  46   12 

Q  =  186   19   14 

co  =       2  26  58 

i  =       6  45  44 

<{>  =     26  47  33 

fi  =   11 3".  0620 

log  a  =  0.9977932 

From    these    results    the    time    of    perihelion    passage    is 

found  to  be 

1886  July  20.2416 

and  the  period  of  the  comet  appears  as 

31.38  Julian  years. 


1886.0 


The  elements  corresponding  to  any  other  value  of  v  can  be 
derived  directly  from  the  tabic  by  applying  the  differences 
between  the  above  set  and  the  tabular  set  of  r  =  0.  It 
is  only  necessary  to  note  here  that  the  final  period  of  the 
comet  may  vary  between  the  extreme  limits  of  32.60,  and 
30.17  years,  which  limits  are  attained  for  v  equal  to  —  40 
and  +  40,  respectively. 

Comparing  the  above  results  for  different  values  of  )• 
with  those  obtained  by  former  investigations,  by  both  Dr. 
Chandler  and  myself,  one  or  two  facts  stand  out  pretty 
clearly.  First,  the  angular  elements  of  the  orbit  are  known 
with  a  reasonable  degree  of  accuracy  ;  the  inclination  and 
the  line  of  nodes  appearing  as  practically  the  same  in  all 
the  discussions,  while  the  longitude  of  the  perihelion  varies 
buta  few  degrees  from  the  value  assigned  in  Dr.  Chandler's 
original  paper.  Second,  the  size  of  the  orbit  is  by  no 
means  so  well  determined  ;  it  varies,  in  the  different  inves- 
tigations, from  26.5  years  in  Dr.  Chandler's  to  32.6  in  the 
present  paper.  The  mean  result  of  the  present  investiga- 
tion, however,  is,  I  think,  very  near  the  truth.  But,  how- 
ever accurately  the  various  transformations  may  be  made, 
exercise  what  care  we  will  in  the  investigation,  there  is  still 
bound  to  be  at  present  an  uncertainty  of  fully  two  years  in 
this  most  critical  element ;  and  this  uncertainty  is  due,  not 
to  any  incompleteness  of  method  or  formulas,  but  to  the 
original  observations  themselves. 

As  to  Identity  with  Comet  of  Lexell  1770.  Lexeij.'s 
comet  underwent  its  notable  disturbance  in  the  year  1779, 
and,  moreover,  this  disturbance  took  place  in  that  part 
of  Jupiter's  orbit  in  which  Comet  1889  V  suffered  its 
great  change  of  elements,  as  above  discussed,  in  the  y<  ar 
1886.  Between  these  two  appulses  there  intervened  a 
period  of  107  years,  which  period  must  be  accurately 
accounted  for  in  order  to  establish  the  identity  of  these 
two  remarkable  bodies.  But,  assuming  the  substantial  cor- 
rectness of  the  present  investigation,  we  cannot  directly 
account  for  these  necessary  years.  For  the  period  of 
Comet  V  in  1884,  or  previous  to  its  disturbance,  has  been 
shown  to  be  31.86  ±1.50  years,  which  is  not  an  aliquot 
part  of  107.  Hence,  unless  in  the  intervening  years 
the  comet  suffered  other  and  marked  disturbances  in  its 
orbit,  the  entire  question  as  to  identity  between  the  two 
bodies  falls  at  once,  and  further  investigation  of  the  subject 
is  useless. 

An  investigation  shows  us  that  such  disturbances  did 
take  place  during  this  interval,  but  leaves  us  utterly  in  the 
dark  as  to  the  resulting  chauges  in  the  orbit.  In  this 
regard  we  note,  first,  that  there  could  be  no  possible  ap- 
proach to  Saturn,  close  enough  to  cause  any  marked 
changes.  For  the  orbits  of  these  two  bodies.  Saturn  and 
the  comet,  intersect  in  longitudes  80°  and  300°  appproxi- 
mately,  varying  a  few  degrees  either  way  from  these  figuies 
according  to  the  value  we  assign  to  the  indeterminate,  r. 
i  The  comet  was  in  these  longitudes  at  the  following  times, 
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respectively:  1881.4,  1850.0,  1818,6,  1787.3  and  1860.4, 
1829.0,  1797. G;  while  Saturn  passed  the  corresponding 
points  in  its  orbit  at  the  following  times:  1884.5,  1855.1 
1825.6,  1796.4  and  1873.0,  1843.5,  1814.0,  1784.6;  thus 
the  closest  approach  took  place  in  the  years  1881  to  1884, 
but  even  at  this  time  the  two  bodies  did  not  come  within 
five  astronomical  units  of  each  other  and  the  resulting  per- 
turbations were  inappreciable.     This  fart,  that  there  could 


have  been   no  large  disturbance   by    Saturn,   is  of  special 
importance,  as  we  shall  see  hereafter. 

Second,  in  regard  to  possible  disturbances  by  Jupiter,  we 
note  that  such  did  take  place,  the  facts  being  best  shown 
by  tin-  following  small  table,  which  gives,  for  the  extreme 
and  the  mean  values  of  v,  the  times  at  which  the  comet 
passed  perihelion  and  the  corresponding  times  at  which 
Jupiter  was  in  the  same  longitude. 


Approaches  to  Jupiter. 


Comet  in  longitude  188° 

Jupiter 

Character  of  Approach 

v  =  —40 

v  =  0 

v  =  +40 

v  =  —40 

i=0 

v  =  +40 

1886.55 
1853.95 

1821.35 
1788.75 

1886.55 
1855.17 
1823.79 
1792.41 

1886.55 

1856.. ".S 
182G.21 
1796.0  1 

1886.50 
1850.:  u 
1827.20 
1791.62 

+  0.05 
+  3.03 
—5.85 
—2.87 

+0.05 

+  4.23 
—3.41 
+  0.7'.i 

+  0.05 
+  5.46 
—  1.01 
+  4.42 

From  this  we  see  that  close  approaches  may  have  occurred 
in  the  years  1827  or  1791,  depending  upon  the  value  takeu 
by  the  indeterminate  r.  Each  of  these  possible  appulses 
needs  a  few  words  ;  and  first  in  regard  to  that  of  1827.  This 
only  begins  to  merit  the  title  of  an  approach  for  the  ex- 
treme positive  value  of  v,  and  even  then  is  hardly  close 
enough  to  greatly  alter  the  comet's  orbit.  But  for  values 
of  v  slightly  in  excess  of  this  limit  the  disturbance  at  this 
time  becomes  more  marked  and  of  such  a  character  as  to 
considerably  reduce  the  comet's  periodic  time ;  that  is, 
before  this  disturbance  the  period  would  have  been  some 
years  longer  than  it  was  between  this  time  and  1886.  In 
fact,  by  assigning  v  a  value  somewhere  between  +50  and 
+  60  we  could  give  to  this  approach  a  character  s\ich  that 
the  previous  period  of  the  comet  must  have  been  about  18 
years  and  this  would  bring  the  comet  around  in  1774  to  the 
position  occupied  by  Lexell's  comet  in  that  year.  In  other 
words,  there  is  a  possibility  that  for  a  large  positive  value 
of  v  the  identity  of  the  two  comets  might  be  established, 
but  in  my  former  paper  I  showed  that  such  a  value  of  <  is 
extremely  improbable, if  not  impossible, — the  extreme  limits 
of  variation  there  assigned  being  ±40. 

On  the  other  hand  the  appulse  in  1791  is  indicated  by 
the  mean  set  of  elements  and  becomes  extremely  close  for 
small  negative  values  of  v.  By  causing  r  to  vary  between 
the  limits  of  ±20,  we  can  give  to  this  approach  almost  any 
desired  character  and  so  obtain  a  great  variety  of  possible 
elements  for  the  comet  before  this  time.  Such  a  variation 
of  i'  is  well  within  the  bounds  of  possibility  and  of  proba- 
bility also.  In  fact,  while  the  data,  at  present  available, 
point  conclusively  to  an  approach  to  Jupiter  in  17:>1  and 
to  consequent  large  changes  in  the  orbit  of  the  comet  at 
that  time,  yet  they  are  not  sufficient  to  enable  us  even  roughly 
to  approximate  to  the  character  of  those  changes.  One  point 
is,  however,  I  think,  reasonably  clear  and  that  is,  granted 
such  an  appulse  took  place,  the  present  comet  cannot  pos- 
sibly be  the  same  as  Lexell's.     For,  in  this  case,  the  suppo- 


sition of  identity  would  require  the  comet  to  have  between 
1779  and  1791  a  period  identical  with  that  of  Jupiter,  one 
might  almost  say,  an  orbit  identical  with  that  of  JupiU  r. 

There  is  another  method  by  which  the  question  of  iden- 
tity may  be  investigated,  and  that  is.  by  means  of  the  cri- 
terion formulated  by  M.  Tisserand.  By  an  investigation 
of  the  path  of  a  comet  through  the  planet's  "  sphere  of 
activity,"  he  derives  a  function,  n,  of  the  comet's  elements, 
which  remains  practically  unaltered,  however  great  the 
change  in  the  separate  elements.  This  function  is  given 
by  the  formula 

1    ,-2-JA 

n    =    —  +       1 '  yjp  COS  I 

(I  H" 

where  «,  p  and  i  are  respectively  the  semi-axis  major,  the 
parameter  and  the  inclination  of  the  comet's  orbit,  and  A 
and  II,  the  semi-axis  major  and  the  radius  vector  of  the  dis- 
turbing planet  at  the  point  of  closest  approach.  Now  the 
action  of  Jupiter,  even  repeated  at  several  very  close  appul- 
ses, can  cause  but  a  very  slight  variation  in  the  value  of  this 
function,  when  takeu  in  respect  to  that  planet;  but.  on  the 
other  hand,  the  action  of  another  planet,  Saturn  for  exam- 
ple, may  atone  approach  change  considerably  the  value  of 
this  quantity,  taken  with  respect  to  Jupiti  /',  although  it  must 
leave  unchanged  the  value  of  the  function,  taken  with  re- 
spect to  Saturn  itself.  Hence,  in  order  to  establish  the 
identity  of  Comet  V  with  that  of  Lexell,  both  of  which 
were  disturbed  by  Jupiter,  we  must  either  show  that  the  „  s 
for  the  two  bodies  are  practically  the  same,  or  that  there 
was  an  intermediate  disturbance  by  another  planet. 

The  values  of  this  function  for  the  two  comets  under  dis- 
cussion, and  taken  with  respect  to  Jupiter,  are  exhibited  be- 
low. In  order  to  show  the  possible  variations  in  u,  due  to 
one  approach,  I  computed  its  value  with  those  elements  of 
Comet  V,  that  correspond  to  the  following  four  points  ot  its 
path:  1st,  March  1884,  the  action  of  Jupiter  insensible; 
2d.  March  24.5,  1886,  entrance  to  the  sphere  of  activity; 
3d,  October  26.5,    ls.sG,  exit  from    the  sphere;    4th,  s.    - 
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tember  30,  1889,  the  action  of  Jupiter  again  inappreciable. 
For  Lexell's  comet  I  used  the  elements  given  by  LeVerrier. 


Comet  1889  V,  1st, 
"  2d, 

3d, 
4th, 
Lexell's  Cornel 


ji  =  0.5289 
n  =  0.5242 
n  =  0.5283 
n  =  0.5294 
n  =  0.4852 


Comparing  the  values  derived  for  Comet  V.  in  pairs, 
according  to  the  distance  of  the  comet  from  Jupiter,  the 
agreement  of  results  is  striking.  We  thus  see  that  even 
this  remarkably  close  approach  produced  only  a  total  change 
of  0.0005  in  the  value  of  this  function  and,  as  the  change 
necessary  to  bring  it  into  agreement  with  that  for  Lexell's 
I  .'in  !  is  0.04  l'_'.  we  at  once  conclude  that  no  intermediate 
approach,  or  series  of  approaches,  to  Jupiter  can  satisfy  the 
requirements  of  this  criterion.  This  tends  to  prove,  as  was 
long  ago  pointed  out  by  M.  Schdlhof,  (Bulletin  Astronom- 
ique,  December  18S9)  that  the  two  comets,  Lexell  and 
1889  V,  are  not  identical,  uuless  it  can  be  shown  that  there 
was  a  strong  intermediate  disturbance  by  Saturn. 

The  numerical  results  obtained  in  the  present  discussion 
show  that  there  could  have  been  no  such  approach  to 
Saturn  between  the  years  1779  and  1886  and  this  fact,  con- 
sidered  in   the  light  of  Tisserand's  criterion,  goes  very  far 


towards  disproving  the  hitherto  supposed  identity  of  these 
two  noteworthy  comets. 

This  entire  question  may  be  briefly  summed  up  as  follow.s  : 
on  the  one  hand,  we  have  a  few  striking  coincidences,  all 
pointing  towards  identity,  on  the  other  hand  stand  Tisser- 
and's unsatisfied  criterion  and  the  numerical  results  of  a 
long  and  careful  investigation.  For  my  own  part,  however. 
I  do  not  think  that  we  can  arrive  at  any  definite  conclusion 
at  present  :  we  must  await  the  reappearance  of  the  comet  in 
1896.  The  first  few  observations  in  that  year  will  furnish  a 
very  fair  approximation  to  the  value  of  r,  from  which,  by 
the  aid  of  the  tables  above  given,  we  can  derive  the  elements 
of  the  orbit  that  the  comet  was  describing  in  1884,  previous 
to  the  disturbance.  The  elements  thus  derived  should  lie 
very  close  to  the  true  ones,  and  should  furnish  a  definite 
solution  to  the  vexed  question  of  identity.  When  the  defini- 
tive elements  of  the  two  appearances  are  deduced,  then  the 
entire  subject  should  be  most  carefully  re-investigated. 

In  another  paper  of  the  present  series  I  hope  to  give  the 
results  of  an  investigation  upon  the  path  of  the  comet, 
while  in  the  immediate  viciuity  of  Jupiter.  The  disruption 
of  the  comet  and  the  possibility  that  a  portion  of  it  was 
permanently  drawn  into  the  Jovian  system,  thus  forming  a 
new  satellite,  will  be  among  the  questions  therein  discussed. 


PHOTOGRAPHY 

By  W.  L. 

An  attempt  has  been  made  at  this  Observatory  to  ascer- 
tain the  feasibility  of  determining  the  paths  of  meteors,  and 
the  radiant  areas  of  a  shower  by  photography.  On  the 
nights  of  August  9  and  10  last  a  camera,  mounted  on  our 
8-inch  equatorial,  was  kept  directed  daring  4  hours  to  points 
near  the  radiant  of  the  Perseids.  The  lens  was  a  Voigt- 
lander  portrait  combination  of  6  inches  aperture,  and  32 
inches  equivalent  focal  length,  and  the  part  of  the  plate  ex- 
posed measured  7i  by  8.\  inches,  thus  covering  a  field  of 
about  200  square  degrees.  A  visual  watch  was  kept  on  the 
region  under  exposure  by  Mr.  Brown,  Dr.  Chase  and  my- 
self, and  of  the  ten  meteors  thus  noted  on  August  9,  three 
were  found  on  the  plates  when  developed,  one  of  which, 
however,  was  not  a  Perseid.  On  August  10  only  three  or 
four   meteors   were   seen   which   should  have  fallen  on  the 

Yale  University  Observatory,  Neiv  Haven,  Conn.,  1893  Aug 


OF   METEORS, 

ELKIN. 

plates,  none  of  them  so  bright  as  a  second  magnitude  star, 
and  no  trails  show  on  the  photographs.  On  this  night  the 
shower  was  very  slight.  It  seems  therefore  safe  to  con- 
clude that  with  a  battery  of  even  only  six  or  seven  such 
cameras  a  sufficient  number  of  meteors  would  be  secured 
ou  an  average  display  of  the  Perseids  to  locate  the  radiation, 
and  define  its  character  with  certainty. 

Mr.  John  E.  Lewis,  of  Ansonia,  some  ten  miles  from 
New  Haven,  working  in  collaboration  with  us,  and  using  a 
lens  of  about  4  inches  aperture,  and  15  inches  focus,  secured 
the  trail  of  the  brightest  meteor  ou  our  plates  of  August  9. 
The  displacement  of  the  track  amounts  to  about  six  degrees, 
and  when  the  plates  have  been  measured  the  path  of  this 
meteor  will  be  determined  with  an  accuracy  hitherto  un- 
known, so  far  as  I  am  aware. 

.  31. 


THE   AUGUST   PERSEIDS,  1893, 

By  EDWIN  F.   SAWYER. 


The  earth  appears  to  have  encountered  a  very  attenuated 
portion  of  the  meteor  stream  this  year  ;  observations  at 
Brighton,  Mass.,  and  Wolfeboro,  N.H.,  on  the  evenings  of 
August  8,  9  and  10,  furnishing  very  meagre  results.  In 
the  absence  of  the  writer  from  Brighton,  for  a  much  needed 
rest,  Mr.  Ei.mer  E.  Monroe,  who  had  been  previously  in- 
structed as  to  the  method  of  recording  the  intensity  of  the 


shower,  and  who  had  kindly  volunteered  to  make  the  neces- 
sary observations,  reported  in  reference  to  the  display  as 
follows  : 

Began  observations  at  9  hours  on  the  evening  of  Aug.  8, 
and  continued  the  same  ou  the  two  following  evenings  ;  the 
conditions  for  observing  being  very  favorable,  there  being 
no  moonlight,  and  clear  weather  prevailing.     The  observa- 
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tions    were    prolonged    until    11    hours    on    each    evening. 
Meteors  were  found  to  be  notably  scarce  on  all  of  the  i 
ings,  the  Perseids,  however,  prevailing  on   Aug.  9  and  10, 
while  very  scarce  on  Aug.  8.     The  number  recorded  ea«h 
evening,  and  their  magnitudes,  were  as  follows  : 


Auk 

Duration  of 

Watch 

Lengtl 

of 
Watch 

Magnitudes 

Total 

Per- 
seids 

>1-m 

=1*|=2M|=3" 

=4»< 

8 

9 

10 

h      m             h    in 

9     0  to  1 1  0 
8  35  to  1 1  0 
8  40  to  11  0 

li          Hi 

2    0 
2  25 

0 
1 
2 

4 

7 

14 

10 

9 

13 

7 
2 
9 

2 
2 

7 

23 
21 
45 

6 
15 
35 

6  45 

3 

25 

32 

18 

11 

Sll 

56 

The  hourly  rate  for  the  Perseids  increased  from  only  3  on 
the  8th,  to  6  on  the  9th,  and  15  on  the  10th,  showing  a  de- 


cided, although  feeble  maximum  on  the  latter  date.     Of  all 
the  meteors  recorded  63  per  cent,  were  Pers<  ids. 

At  Wolfeboro,  the  writer  observed  on  the  evenings  of 
Aug.  9  and  10,  but  found  the  shower  so  feeble  thai  the 
watch  was  not  prolonged.  On  Aug.  9,  from  10'1  to  11'', 
only  S  meteors  were  seen,  7  being  Perseids  :  and  on  Aug. 
10  from  10h  to  10h  30,n,  and  again  from  ll'1  to  1  1*  30"  .  28 
were  noted,  23  being  Perseids. 

My  star-charts  not  being  at  hand,  the  time  was  occupied 
in  noting  the  number  falling,  their  magnitudes,  and  whether 
from  the  Perseid  radiant  or  not.  A  few  well  observed  tracks 
of  bright  meteors  near  the  radiant  ami  well  known 
were,  however,  located  on  a  hastily  constructed  map.  and 
are  given  below.  A  few  tracks  quite  well  observed  by  Mr. 
Monroe,  are  also  included. 


Meteor  Tracks 

Mapped. 

No. 

Date 

Boston 
JI  T 

Mag. 

F 

Observed  Path 
•om                   To 

Length 

of 

W't. 

Remarks 

R.A. 

Deel. 

R.A.      Decl. 

Path 

h       m 

0 

6 

o                  o 

O 

1 

Aug.  9 

•j  20 

1 

18 

+  59 

356        +59 

12 

2 

From  near  d  Cassiopeae 

2 

9 

9  40 

2 

176 

+  65 

170       +50 

15 

2 

Not  a  Perseid 

3 

10 

10   15 

4 

8 

+  52 

352        +43 

15 

4 

Streak  2  seconds  ;  Perseid 

4 

10 

10  47 

4 

26 

+  64 

16       +66 

5 

2 

Short ;  Perseid 

5 

10 

11    10 

>1 

20 

+  54' 

11       +52 

5 

3 

Short;   Perseid;  streak  2  seconds 

6 

10 

11    21 

1 

21 

+  54 

16        +52i 

4 

3 

Short  and  rapid  :   Perseid 

7 

10 

11   30 

2 

50 

+  60"j52i       +60V 

1 

3 

Very-  short ;  Perseid 

Nos.  1,  2  and  4  were  recorded  by  Mr.  Monroe.     From 
the  paths   mapped  on   the  10th,  the  radiant  point  was  fairly 
Brighton,  1893  Sept.  2. 


well   determined   as    at    R.A.  44%   Decl.  +57°.       Center    of 
observation,  Perseus. 


FILAR-MICROMETER   OBSERVATIONS  OF  COMET  1892  YI, 

MADE    WITH    Till',    20  INCH    REFRACTOR    OF    THE    I.F.ANIlF.l:    M'  CORJIICK    OBSERVATORY    OF    THE    UNIVERSITY    OF    VIRGINIA, 

By  EDGAR  ODELL  LOVETT. 
[Communicated  by  Prof.  Ormond  Stone,   Director.] 


1803  L. 
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Mean    I 'luces  for  1803.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 
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Authority 

1 

h        in         e 

17    Hi  24.96 

+  ■>.  1 8 

0           ■           It 
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—  8.9 

Argelander  1 7192 

2 

17  38   19.88 

+  2.50 

—•.'1   38   14.0 

—  :'.n 

Argelauder  17151 

8 

17     (1   15.18 

+  2.03 

—21    28    19.8 

—  10.9 

Argelander  16458 

4 

17     8  42.90 

t+a.e  i 

I  i  2.6   i 

—21    14    ll.ii 

s  -I0-5j 

Argelander  16518,19,20 

5 

17     7     1.5 

—21     2   18.0 

1  — 10.S  | 

Washington  Zones  ■.'04, 11 

G 

17     8  31.00 

+  2.63 

—20  50  36.4 

— 10.6 

Argelander  16509, 11 

7 

17     4   43.99 

+  2.62 

—20  41      9.1 

— 11.0 

Bonn  Zones  20°  No.  7 

NOTES. 


Appeared   as  a  hazy 


June  7.     Seeinggood.   Comet  condensed  and  nucleus  well  defined. 
No  tail.    Hound,  and  about  :'.'.">  in  diameter. 

June  9,    Comet's   brightness  decreasing 
disk  about '-"  in  diameti  r. 

July  3.     Stellar  and  faint.    Moonlight. 

July  5.     Small,  diffuse  circular  envelope. 

July  G.     Nucleus  very  faint.     Wind  and  clouds. 


July  8.     No  change  in  appearance  of  the  6th. 

.Inly 'J.  Brighter  by  half  a  magnitude  than  on  the  8th.  Neither 
tail  nor  envelope. 

July  10.  No  change  in  appearance,  or  brightness.  Seeing  ex- 
cellent. 

July  12.    Hazy.     Comet  growing  brighter, 


XEAV   ASTEROIDS. 


Prof.  Kreutz  has  communicated  the  discovery  of  three  more  asteroids  by  Mr.  Charlois  at  Nice. 

a  6  Daily  .Motion 


1893^        12™         Aug,  11    13  19.6  Nice  M.T. 
AG         11M  17     9  46.8 

AH         10M  19     9  44.4 


h    in     6 

21  27  3.2 

22  9  58.2 
22  46  40.9 


—  14  1  16 

—  5  2  27 

—  1  22  28 


— 48s  in  «,  and  5'  south  ward. 
— 36s  in  a,  and  5'  southward. 
— 60s  in  a,  and  1'  northward. 


CORRIGENDA. 

Vol.  XII,  p.  1G2,  col.  1,  Eq.  diam.  of  Jupiter,  Oct.  28,     for    48". 89     put      49".S9. 

p.  173,  col.  1,  line — 15,  in  second  term,    for    0.502     put  ^  .QO 

No.  302,  p.  124,  col.  1,  line  13,     for     ju    put     Ap;     and  line  17,     for     Jn    put     Ju. 

p.  124,  col.  2,  and  p.  125,  col.  1,  in  the  Elements,     for     u    put    /i,     and  omit  (")  from  the  logarithm. 
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pleting sets. 
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THEORETICAL   INEQUALITIES   OF   LONG  PERIOD  IX  THE  MOTIONS  OF  THE 
EARTH,   MARS,   JUPITER   AND   THE   MOON, 

By  JOHN  N.  STOCKWELL. 


1.  During  the  summer  of  1892  1  was  engaged  in  a  study 
of  the  conjunctions  of  the  planets  :  and  a  curious  mistake 
in  calculation  led  to  the  detection  of  some  theoretical  in- 
equalities of  long  period  in  the  motions  of  the  Earth,  Mars 
and  Jupiter,  which,  1  believe  have  never  before  been  com- 
puted.  In  preparing  a  table  of  the  elongations  of  Mars 
from  the  sun  at  equidistant  intervals  of  time.  1  was  sur- 
prised  to  find  that  it  required  about  408  days  for  the  elon- 
gation  to  increase  from  0°  to  180°;  whereas.  J  knew  that 
the  interval  should  be  only  390  days.  In  looking  for  the 
origin  of  this  discrepancy  I  found  that  I  had  accidentally 
copied  the  difference  of  the  mean  motions  of  Mars  and 
Jupiter,  instead  of  the  difference  of  the  mean  motions  of  the 
Earth  and  Mars,  in  preparing  the  arguments  of  the  table. 
It  then  occurred  to  me  that  possibly  there  might  be  some 
interesting  relations  between  the  mean  motions  of  these 
three  planets,  which  would  give  rise  to  perturbations  in  their 
motions,  and  whose  magnitude  and  laws  were  as  jet  undis- 
covered. I  therefore  decided  to  investigate  further  the 
question  of  the  existence  of  such  inequalities. 

Now  the  mean  daily  motion  of  the  Earth  minus  the  mean 
daily  motion  of  Mars  is  equal  to  1  Gtil".674  199  ;  while  the 
mean  motion  of  Mars  minus  the  mean  motion  of  Jupiter  is 
equal  to  1587". 390  33.  The  difference  of  these  two  numbers 
is  74". 283  866;  which  would  be  the  daily  variation  of  the 
argument    of    the    inequalities,    whatever    their    magnitude 


might    be.      The    inequalities    therefore    have    a    period    of 
1  7  :  16.6  days,  or  47.766  15  Julian  years  ;  and  the  inequali- 
ties would  depend  on  the  argument,  the  mean  longitud 
the  Earth,  minus  twice  the  mean  longitude  of  Mars,  plus  the 
longitude  of  Jupiter. 

Now  inequalities  of  the  above  form  can  arise  only  from 
terms  of  the  order  of  the  square  of  the  disturbing  forces; 
but  since  they  are  evidently  independent  of  the  eccentrii 
and  inclinations  of  the  orbits,  their  computation  is  not  ex- 
cessively laborious;  and  as  they  depend  wholly  on  the 
masses  and  mean  motions,  it  would  seem  that  they  might  be 
of  sensible  magnitude.  We  shall  find,  however,  that  they 
are  too  small  to  be  detected  by  observation  ;  yet  it  has  been 
thought  best  to  publish  an  abstract  of  the  in\  a,  as 

a   contribution    to   theoretical   astronomy  :    although   of  no 
practical  importance  in  the  theories  of  the  motions  of  I 
planets. 

2.  In  this  investigation  we  shall  designate  the  mean  mo- 
tions of  the  three  planets,  the  Earth,  Mars  and  Jupiter,  by 
the  letters  n",  n'"  and  »iT,  respectively  ;  their  mean  disti 
from  the  sun  by  a",  a'"  and  a" ;  their  mean  longitudes  by 
n"t.  n'"t  and  n-t  :  then  true  longitudes  by  <•".  >•'"  and 
their  distances  from  the  sun  by  r",  ?•'"  and  r" ;  and  their 
masses  by  //<"■,  m"'  and  miT.  The  functions  R.  on  which 
the  perturbations  depend,  will  then  be  given  by  the  equa- 
tions 


R"  = 


+ 


m"'r"r"'cGs(v"—vw) 
wi'W'coM  <■"—,■  ■■) 


in 


in 


2r"r"'cos(y— »"')+!■"    j 


|  j-"2—  2r 


,."  „.iv 


R'"  = 


R" 
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m'VV"cos(V"— v") 
m'VVcosfy"— v") 

m"  r"r"  cos  {v"—rf') 
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(1) 


(2) 


(3) 


(135) 


136 


THE     ASTRONOMICAL    JOURNAL 


N°-804. 


The  perturbations  depend  on  the  partial  differential  co- 
efficients of  tliese  functions  taken  with  respect  to  the  coor- 
dinates r  and  v;  and  since  the  required  inequalities  arc 
independent  of  the  eccentricities,  we  may  put  ?■"  =  «", 
y"  -=  n"t,  r'"  =  a'",  &c,  in  the  developments.  We  shall 
now  put  for  abridgement, 


a"  +  a'"  =  a,       a"  -^  aiv  =  a',       a'"  H-  «iv  =  a" ;  I 

»"«— n'"*=  0,      n"t  —  n'vt—e\     n'"t  —  ri"t=  6"  (5) 

If  we  now  take  the  partial  differential  coefficients  of  the 
forces  B",  22'"  and  /."\  with  respect  to  the  coordinates,  and 
make  the  necessary  substitutions,  we  shall  find, 
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(11) 
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=  _    .t-sinfl-  —  l  +  (l+«2— 2«cos0)-V2  ;  +  -£-<*'*  sin  0'  J  —  l  +  (l+«,!— 2«'cos6i')-7-  - 

o"  I  )        a"  (  ) 

«?"  1     <  ) 

=  —7772—2  \  cos(9+,42(l  —  a  cos0)(l  +  <42— 2,4  cos  61)-3'2  > 

+  ^<t"'-|  cos0"  +  (a"— cosg")  (l+.t"2— 2«"  cos  6"')-V2} 
=  ^asinfl- -„  —  (l+«2— 2«  cos  6>)-'n/2  \  +  -^  a"2sin0'M  (l+«"2—  2«"  cos  fl*)-««—  1  [ 

m"    1      (  ) 

—    ™    J-]  cos  6'+  «'•-')  1— <t'  cos<9'|  { 1  +  «'-'— 2a'  cos  fi'}-««  - 

a™1  a'z  (  • 

mi'"   1     t  ) 

-(-  ™     J_  J  cos  0"+ a"  s  j  1  —  a"  cos  &'  j  J 1  +  «  »  !-  2,4"  cos  6" }  -v-'  ^ 

=  ^4iBinfl»{  1—  «'8ll  +  «'2— 2a'cos0'i-*'4  +  ^-isintf"}  1— «"3U  +  «"2-2«"  cos61"|-;,/- } 


These  expressions  enable  us  to  determine  the  perturba- 
tions of  the  longitude  and  radius  vector  arising  from  the 
first  power  of  the  disturbing  forces ;  but  since  the  proposed 
inequalities  are  of  the  order  of  the  square  of  the  disturbing 
forces,  we  must  find  the  increments  to  these  forces  which 
arise  from  the  first  power  of  the  disturbing  forces.  Now, 
since  these  forces  are  functions  of  r  and  v,  their  variations 
will  be  functions  of  Sr  and  dv  ;  and  in  the  further  develop- 
ment of  the  subject  we  shall  put  for  abridgement, 


A  =   p +,<-'— 2«cos0|-V2 

A'=  \\+  «!*—2a'  cos  6'\-v- 

A"=  \  1  -I- a"  -—2u"  cos  6" } -»* 

Ai  =   {  1  +d2—'2u  cos  6VV2 

A\'=   jl+a'2— 2,4' cos  fl'!-"2 

A{'—  jl+a"2— 2,<"  cos  tf"^2 
3.     By  means  of  tliese  quantities,  equations  (6-11),  to- 
gether with  their  derivative  functions  may  be  reduced  to  the 
following  : 


(12) 


(13) 


(14) 

(lo) 
(16) 
(17) 
(18) 
(19) 


d? 

dli" 
dv" 

dB" 
dr"1 

dB'" 
dv171 

dB" 

driv 

dB' 


{   ,     ml"    ,2J 


v  >  .1  '  i 


tts-  ,42  -)  cos  6-t  >,4—  cos  6\A  r  +    —=-,  a'-  -,  cos  0'  +  \a' — cos  6'\A'. 
"  -        (  )         a  (  > 


m 

77' 


'  \  )       miv  *  ) 

a-  sin  6  -i  ^4  —  1  f  +  —^  a"  sin  6'   ,  .1  ' — 1  f 

(  i         a  <  ) 


"',''!  A  cosfl+il— ,4  cos0<  1  f  +  ^  j  ,4"2  eos^'+a"8^"— cosff'iA"  \ 

<•_'-  (  ,4-  '      )        a'"2  (  > 

^  «  sin  6  |  — .  -.4  }  +  ~  ,4" 2  sin  6"  j  4  "-1  [ 

^{^cos0'+p-,4'cos0'^'f+    ;;C;^cos0"+ll— "cos^'M"} 


L,  sin  ^  J  !_«'«  ^  '   ■  +  ,  ,  sin  6"  \  l—u"  "A" 


m 
alv  ,4 
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sf^Pj    =  ^  a3$A— Z\a— cosflJM,   }  St"  4-  ^«2  siu6)  j  .4— 14-3§«  cos  6— a^A,  }  6V 

'"       i  >  m'"  (  1 

4-    p^«M  3{cos0— a^l—  «costf$4,— costf|2  +  ^|  j- 8r'"  +  -^a2  sinflj  1—  ^+3J«9—  acosd^,   j 

+  "'„'"  «'    |  .4'— 3|«'— cose'p.4,'  |  8r"   +    "-,/-' sin  6»'  j^'—  l+3|«'cosfl'— a'2^'] L  8v" 

+  ''—a'A  3\cosO,—a,\\l—a'cose,\A1'  —  cosO'\2  +  A'\  [•  5r"  +  ^a'!sin0'|  1— 4,+3{«'2— a'cos^'^ 

8[?^L.]    =    H-a2sin0  -  4—  H-3*acos0— a**^   -  8r"  +  —  ,<--   (.4—  1)  cos0— 3«  siirtfJ,  . 
\  at;  /  a  -  I  »  a         (  J 

+  %  u-s\n6  ■   2  +  ^  +  3$«cos0—  1  Hi  v  <v"  +  —  «*1  \\—A\cose+Susm-6A,  \ ««'" 

+   '-^«'-sin6'-  J.'—  1+S{«'cob0'—  ««^j' j  8r"  +  ^  a'2j  |4'— lj  cos6"— 3a'  siu20'A'  [■  «v" 


(20) 


(21) 


+  ^a'ssinfl'-j  2  +  4'+3 


jo'costf'— ll^x'  Ur1'  +  ^«'-|  {1— ^'jcostf'+Sa'sin^Mi'li 


dE 


■  ri 


aV 


(22) 


=  ijj.  j  .4—35 1— «  cos0}2.d,  }  .V"  4  -intf  j  ^;—  A  +  &\  1— «  cosflj  <d,  |  8v'" 

^  j  3  jocose—  l}$a— cosfljA—  f-^+  a\cos$  j  «?•"  +  ^asin0J'3{acos0—  1\AX+A— -^}  8v" 
+  J^L^'^A"— 3\a"—  cos0"iW  I  9r"'+  ^a"2sind"j^"—  l+3ja"cos0"— «"2^,"j««'" 

«"  --Jsjcosfl"— «wj{i—  i«"co8^^1"— \*+A"\<mer\w*+~y°-smff'\\— A"+-d\a-—a"coae"\A;,\^r 

'  Sv'" 


- 


+ 


'(j&r)   =  ^«B^{^-^+3{l-«cos0|A}'8r'''+^«j^-i)coSe-3«sin2^I; 

+  ^jSinflj  3{«2— «  cosfl^i— -s— -4  }  8?-"  +  -^  a  j  (-^— ^co80+3a  siir^  j  8v" 

4-  ^ya\D6"\ A"— l+3\a" cosff'— a".2lAA  8r"'  +  ^„  a"sj  |4"—  l$cos0"— 3a"  sin2^,"  |  8«» 

+  J_«"3sin^  te+A"+3\*"cosff'— \\Afl  Sr"  +  ^a"!  j  j  I— ^l"}cos0r'+3«"sin!0"A"  f  8«iv 


(23) 


cNf''71"^   =  -?£,  -'  .4'— 3;  1 —  a'cosffPA'  \  «»•"  4-  ^U'  sinfl's  4?  —  4'+8|l— a'costf'IA'  (  Sv" 
\  dr*  /         alvS  (  '  M  a"2  <.«'"  J 

4-  —{3tu'cos6'—l\\u'—co&6'lAi'—(~.+A')cos6'\&r"+  ~  «' sinfl'l  A'—    '.    - 
<<      <.    '  "  \c.  ■        J  )  a1  -  (  « 


(24) 


—   ',    +  3  i  a'  cos  ^— 1 W 
+  ^  {  4"— 351— tfaoBVPAf  }  8r'-+  ~a"smff'\~—  A"+3\l—  afcoB^i^i 

+   ^S  {  3S'£"  cos6>"— 1  j  j«"—  cos6»"^ir—  (^3+^")  cos6"j  8r'"  4-  ^    «"sin0"  |  .1"—  ^3+3J«"cos»"-  l^/'j  81 


8(^)    =^«'si^'{^-3-^'+^1-«'cos«'Mi'}«'-i'+™  .--i)coS^-3K'.i,r^l/; 

+   ^¥Bin6'\3\a,i—a'cos6'lAl'—  ^r3—A'  j  8?-"    +  ^r  a' j  (77-.—^')  cos^+Sa'si^tf'A'  f  Sv" 

in'"              1   ^                                                            in'"       1  /  1  \  ") 

4-    — a"sin0"j-L—  4"+3jl—  «"costf"}J  '{**+  <r -'    A" i-Wtf"— S«"sin!tf"A"  U»" 

+  ^Sine"J3|«"2-«"cosfl  W—^-A"^,'"  +   ^«"]^l-8-^cose"+3«"8in2^ 
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4.     The  quantities    A,  A',  &c,   given  by  equations  (12) 
ami  (13),  may  be  developed  in  infinite  series  of  terms  de- 

These give  the  following 
the  preceding  equations, 

quantities  which  are  required  in 

pending  on  the  cosines  of    0,  0',  0",    and  of  their  multiples  ; 
the  coefficients  of  these  cosines  being  constant,  and  functions 
of      «,  «',  «."     If  we  substitute  the  values  of  the  mean  dis- 
tances of  the  planets  Earth,  Mars  and  Jupiter,  in  equations 

««  =  0.4307309                 =  0.2826890 
«'*=  0.036'.i4248         a"  =  0.00710050 
,<"-=  0.08576700         a"3—  0.02511772 

(4),  we  shall  find, 

(          a    =0.6363009         log  9.8171030 

(•26)]          a'  =  0.1922042         log  9.2837630 

(          a"  =  0.2928600         log  9.4666601 

1   = 
1  = 
1   = 

3.537455  a8                              (27) 
140.8351  a'3 
39.81253  a"3 

The  above  values  of  a,  a'  and  a",  being  substituted  in  equations  (12)  and  (13),  will  reduce  them  to  the  following: 

(28)  A    =  3.428180  +5.727912  cos0  +4.404531  cos20  +3.25594  cos30  +2.35116  cos4t9  +&c.  ; 

(29)  A'   =  1.088171  +  O.618814cos0'+O.147979cos26'  +  0.033100  eos30' +0.0071  23  cos46' +  &c.  ; 

(30)  A"  =  1.222221  +  l.O39768cos0* +O.376437cos20"+O.127897cos30"+O.O419958  cos40"  +  &c. 

(31)  A}  =  19.00186  +36.20041  cos  0  +32.18531  cos20  +27.25225  cos30  +22.26328  cos40  +  &c.  ; 

(32)  A'=  1-259346  +1.132635  cosfr'  +0.372314  cos20'  +0.106102  cos  36'  +0.027884  cos 4 6'  +&c.  ; 

(33)  Af—   1.709154  +2. 163226  cos0" +  1. 051391  cos20"  +  0.449381  cos30" +0.177956  cos  40"  +  &c. 


(35) 
(36) 

(37) 
(38) 
(39) 


If  we  substitute  these  values  in  equations  (14-25),  and  retain  only  the  useful  terms,  they  will  become, 

(34)  (dE"\=  --A  —0.375257  cos0 —0.6896985  cos  20    \  +  ~,\  —0.00159669  eos0'  —0.01099094  cos 20'  1 

v      '  y  dr"  J  a"  ■  {  )         a"  -  {  ) 

'',       =    "    \  0.0973082  sin0  +0.5323773  sin  20  [  +  -^  -.  0.000523918  sin0'  +  0.01081887  sin20'  V   . 
dr  J         a    {  )        a     <  > 

f'lir')  =  ~  \  4.354280  cos0  +1.456476  cos20  j  +    "m'~  \  —0.00908567  cos0"—  0.04061810cos2f9"  \ 

.  i!i  'J        a"  -  I  J  a'  '-  (  ' 


—,„-)=  ~  ]  1.517066  sin0— 0.811179  sin20  -  +  -,-„  )  0.002916335  sin0"  +0. 0391040  sin20"  - 
dv  '  J         a       l  t         a"    <  •  > 

^-\  =  —,-'  27.46455  cos0'  +0.085329  cos  20'  [■    +  ^  \  12.286202  cos0"  +0.205456  cos20"  [ 

>       m'"  <  » 

,  26.87418  siu0'  —0.05628836  sin  20'  -  +  -      ]  1 1.35668  sin  0"  —0.1335246  sin  0"  - 

a"    I  \        alv   (  > 


d 

-77,' 

dr' 


a'v"  I 
m"  < 


<(%- 


(40) 


9  0  t  ,W 


m"'  (  >  m."'   < 

=  ~  -  —0.704619  — 1.341 283  cos0— 1.6201 17 cos 20  -  fir"+  ^   ,  +0.375234  sin0  +1.39230  sin20     Si/" 

+  ^U  1  +0.809603  +1.37282  cos0  + 1.968644  cos  20  -  tV"  +  -^ —0.375234  sin0 —1.39230  sin  20  i^'" 

+  -  _o.00402287—  0.00332111  cos0'—  0.01 16975 cos 20'  [  Br" 

a"3  (  ' 


+  0L.1  +O.OO15967sin0'  +0.0219818  sin  20'  r  tv" 
a  -  I  ' 


••  H'  i  M' 


+  /__       +0.00219694  +0.000274711  cos0' +0.00647333cos  2  0'     .V 
a    ■    (  \ 


'  -'  —  0.0015967  sin6'— 0.0219818sin  2b'  '  <V" 
a  -  I  • 


jf^]  =  "'  '  +0.375234  siu0  +  1.39230  sin  20  '  8r"  +  ~  \  +0.0973193  cos0  +1.06477  cos20  \  8i/' 

\<lv  J  u   -  <  >  a      (  > 

+  ^-  -   —0.310162  sin0— 1.25469  siu20  -  dr"1  +  — w  -  —0.0973193  cos0  — 1.06477  cos20  -  8w'w 

(41)         +  ^L  -'  +O.OO15967siu0'+O.O219S18siu20''  <V"  +  !^.  1  +0.00560925 cos0'  +0,00244522 cos20'  \U 


i 
m  '    ! 


+  ~    -  —0.00040761  siu0'  —0.00087810  sin  20'     ,\ -v  +      =-  ■  —0.0056025  cos0'  —0.00244522  cos  20'  ■  (Vv 
a  -    *  *  a      '  ' 
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ill!' 
Jbr»i 

(42) 


m"   {  i  m"     (  I 

-4.97674  —8.56505  cos0  —7.48318  cos  20  l  Sr"1  +-,„-,  ;  +4.35425  sin<9  +2.91293  sin 20  .  8? 


m,"     <  *  mi"     (  ) 

+  '-nr,   j  +2.86396  —0.21861  cos6  +6.96399  cos26  -  Sr"  +—,„   ]  —4.35425  siu6>  -2.91293  sin26>  -  Sv" 


a"n  ( 


a'"    I 


jiiiv    i  ^ 

+  -jjt,  -  —0.0168101  —0.0199471  cos 6"  —0.0470452  cos 2 6"  -  Sr'" 
a""  t  » 


+     ,„  ,      +0.0090858  siu6"  +0.0812378  sin  20"     Sv1" 


Mllv     (  I 

+  -rrr,  1  +0.0130582  +0.01 1 1633  cosS"  +0.0375684  cos20"     Sr1' 


a" 


+    "     -  —0.0090858  sinfl"  —0.0512378  sin20"  .  ^  lv 

<r"-   (  ) 


t(^ni)  =  ^"!  +4.35432  sine  +2.91294  sin  20    ,  dr'"+  %,  \  —1.517050  cos6  +1.622373  cos  26  \  Sv" 


\  dv" 


i'"2  i. 


a'"    ( 


J 


+  ■-",!,..    !  —8.94608  sing  —3.23245  siu20    ■  dr"  +  -.,,  1  +1.517050  cos  6— 1.622373  cos  2  6  [  Sv" 
a"-    '  >  a'"    I  ) 


ill'''     (  )  M)iv     (  ) 

(i;;)  +_;     -    +0.0090858  sine"  +0.0812378  sin20"  [  dr'"  +  -„,    -   +0.00291625  COs6"  +0.0782080  cos  26"  k  So"' 

+  it,,  \  —0.0035149  sine"  —0.0352129  sin  26"  -  iVv+  -v,,-  -  —0.00291625  cose" —0.0782080  cos20"     8v" 
a'""  <  >  a'"    <  ' 

sf-rV  I  =  -+V 1  —2.116879  —1.209185  cose'  —0.345884  cos26'  £•  <Viv  +  ~  1  +  27.46454  sin6'+O.17O6553sin20'  \  Sv" 

..."    (  I  ..."    r  ) 

+  -T-]  +0.3094057—  279. 63154  cos0' +0.91 1672cos20'     Sr"+        -.    ,  —27. 16454  sine'— 0.1706553  sin  20'  .-  Sv" 

+  0!L  \  _2.292189—  1.969285  cos0"—O.848946cos  20"  [  Sr™  +  ~,\  + 12.28620  siu0"+O.41O9138  sin  20"!  Sv 


(44) 


aVv 


in'"   (  )  m'"  i  i 

+— .  -   +0.519880— 77. 180618  cose" +1.495695  cos2e"  ,  8r"'  +  '—,    — 12. 28620 sine"— 0.4109138  sin20" (Sv'" 

«iv>  (  >  «>v-  (  ) 

Ml"     (  ~)  Ml"   1  > 

—  -^,-]  +27.46454  sine' +0.1  706553  sift  2  6'     ii>iv.  +  —  -  —26. 84770 cose'  +0.1125786  cos2e'  - 
aiv-  (  >  «'v  (  ) 


,-  Sv'v 


+  -^4-]— 282. 7135 sine' -0.5950284  sin  2 6'  i  Sr"  +  —  -]  +26.84770 cose'—  0.1125786  cos 26'  |  Sv" 

m'"   (  )  in'"  (  ) 

(45)  +  --—-)  +  12. 28620  sine"  +  0.41091 38  sin  26"  [  Sr™  +-^--\  —10.86059  rose"  +0.267049  cos  26"     Sv" 

v     '  aiv2  <  I  aiv   (  ► 

+  -— -  —  80.73100  sine"— 0.947191  sin  26"  [  Sr"'  +  "±-  -   +10.86059  cose" —0.267049  cos  26"  ,  Sv'" 


aiv2  ( 


aiv    ( 


> 


5.  The  perturbations  of  the  raidius  vector  and  of  the 
longitude,  which  are  independent  of  the  eccentricities  and 
inclinations  of  the  orbits,  may  be  determined  by  means  of 
the  following  equations :  (46) 


dSr 
dt 


=  KH  COS  lit 


:  ndi  cos  iii[    ,      f  2a  mil  .sin  nt 
\drj 


111/   CDS    III 


di:\  ) 

do)  i 

^7A  » 


an  sin  nt  I   i      aznatsin?it   3—   +2an„, 


(/Ac 

Equation  (40)  determines  the  value  of  Sr,  which  is  to  be 
substituted  in  equation  (47)  fur  the  determination  of  Sv. 

6.  [f  we  now  substitute  the  values  of  6.  6'  and  6",  which 
are  given  by  equations  (5),  in  the  expressions  for  the  dis- 
turbing forces  which  are  given  by  equations  (34-39),  and 


then  substitute  each  pair  of  these  forces  in  succession  in 
equations  (46)  and  (47),  we  shall  lincl  the  following  values 
for  the  perturbations  arising  from  the  first  power  of  the  dis- 
turbing forces. 

Sr"  =  a"m'"  I  +1.012993cose  +14.88317 cos 26  |         (  18) 
+  «"mh'  •]  +0.01658206cos6'— 0.00968816 cos 26'  - 

Sv"  =       mi'"  ■!  —3.882  132  sin0  —31.1  73371  sin  26  |         (49) 
+     nliv  -'  —0.03559258  siu0'  +0.01380578  si,,  2l 


( 


» 


i  -  1.057696  cost/  +  1.130306  cos  20  j 


+  tt'"m'v  '  +0.0548580  cos6"— 0.0475462  cos20"  ' 
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,V"  =      m"  {  + 11.16890  sin«  —1 .544640  sin  20  j 

(51  )  +     m*  '  —0.1262719  sinff'  +0.07031336  sin  20"  j 

3riv  _  aivm»J  +0:1924818  cos0'+O.OOO1922O4eos20'  j 

(52)+alvm'"j  +  0.2947611  cos0"  + 0.00206503  cos  2^  j 


$■«»  = 


,,1 


7.  The  perturbu t it >us  given  by  equations  (48-58)  are 
very  nearly  the  same  as  were  found  by  Laplace  in  the  sixth 
book  of  tin-  Micanique  C'Meste;  and  if  we  now  substitute 
them  in  equations  (40-45),  we  shall  obtain  the  expressions 
of  the  forces  of  the  second  order.     Now  equations  (5)  give 


(54)   0—0"  =  6'—  26"  =  26—6' 


%"t—2n'"t+nSH\ 


and  as  this  is  the  only  argument  of  long  period,  we  may 
omit  all  except  arguments  of  the  form  given  in  equation 
(.-.1). 

We  shall  therefore  get  the  following  reduced  values  of 
the  required  forces. 


(53)+      /«'"  I  +0.2921834  sin0"  —0.001574605 sin 20"  | 

— 0.01343240  cos(20— 0')  —  0.02477778  cos(20—0')  +0.05737470  cos(  6—6")  +  O.O2369O75cos(0—  6") 
fi(      ,  )  =  m   "T  -  —  0.02471433 cos{26—6')  —0.02488725  cos (20—  6')  +0.00000014762 cos(0'— 20") 
\dt»  J  a!'-     (  +0.oo000125709  cos(0'—  20")  \ 


(55) 


_nHS  ...    .       +0.01154361  sin(20— 0')  +O.O1894896siu(20— 6')  —  0.01296270  sin(0— 6")  —  0.00G14434  sin(0—  0") 

8(dli\  —  m   »*"  ,  —0.01188198  sin(20— 0')  —0.08746964 sin (20—  6')  —0.00000021903  sin(0'— 20") 

\dv"J  a"      <-_0. 0000044162  siu(0'-20")<  (56) 

-0.2349305  cos(0— 0")  —0.2749097  cos(0— 0")  +0.03789394  cos(20—0')  +0.05183936  cos(20— 0') 


dR'" 

dT77 


»i"miv  I 


'..    i  +0.04046964  cos(0— 0")  4- 0.05073920  cos( 0—0")  +0.0123459  cos(0'— 20") 
(  —0.00781296  cos(0'— 20")} 


(57; 

+  0.1 194345  sin(0— 0")  —0.09578038  siu(0— 0")  —0.01  758910  sin(20— 0')  —0.02887220  sin(20— 0') 
dR    )  =  m  m"  \  +0.01843371  sin (0—0")  +0.01628565  sin (0—0")  +0.01 158167  sin (0'— 2  0") 
do'"  J  a'"     t_o.OO7521577sin(0'-20")!  (58) 


dR"\         m"ni"  j 
ilr 


— 0.00124886  cos(0'— 20")  —0.0216229  cos(0'— 20")  —317.6980  cos(20— 0')  +428.0810  cos(20—0') 


— 0.08170334  cos(0'— 20")   +0.0395192  cos(0'-20")  +  45.85830  cos(0—0") 
«iv2    '  -68.61170  cos(0— 0")  \ 


(59) 


„    ,,,     +0  0283658  sin(0'— 20")  -02118726  sin (0'— 20")  +404.3664  sin(20— 0')  —418.4665  sin(20— 0') 
8 (dR"\  =  m  m    -*  —  0.0395467 sin (0'— 20")  +0.02568317 siu(0'— 20")  —47.96781  sin(0— 0") 
\dv*J  aiv     t   +60.65013  sin(0-0") }  .  (60) 


Bv  taking  the  sum  of  the  coefficients  in  equations  (55-60) 
and  substituting  the  values  of  0,  6'  aud  0",  we  get  the  fol- 
lowing values  of  the  forces  iu  the  required  form. 


'   /dR" 


,"'„,iv 


JIL.  (—0.00674363)  cos  (n"t— 2n'"t+nivt) 


m'"m»  .08797270)  sin  (n"t— 2n'"t+ri™t) 

a 


(62)8^)=^(-0.3i4S652)oo8(n'«-2»'''t+»«v») 

(lHp\  =  !^!;;--  (  +  0.1117526)  am{n»t-2n">t+7»n) 
dR 


(63US       —    =    -^V  (  +  87.5646)  cos(n"t-2ri"i+ri»t) 
v     '    \dr,v  J         alv 

^  =  ^V'(_.1.4241)sin(^_2KW,+niv0 

\d,-<- J        .a"     v  ' 

8.     These  values  are  to  be  substituted  in  succession  iu 

,  fdR\        ,   (dli\ 
equations  (46)  aud  (47),  m  place  of  (  -^  )  and  f  -^1,  aud 

we  shall  obtain 

(64)8V  =  o"m'"wiiv{— [0.9092583]  cos(n"t—2n'"t+n™t)  \ 
-   m"'miv|  +[2.7592639]  s\a(n"t—  2n'"t+nivt)  \ 


62r'"z 
5V"= 


r'",„"m.v 


\  +  [0.7788C29]  cos(n"t—2n'"t+nivt)  j  (65) 


m"m"\—  [2. 3676851]  sin(«"(—  2m  "7+)i»7)( 
aivm"mw| —[2.02508 18]  cos (m"«— 2ri"t+nivt)\{G6) 


,v,-v—  m"m"'\  +  [2.9191616]  sm(n"t—2n'"t+nivt)\ 

the  numbers  in  brackets  beiug  logarithms. 

If  wTe  now  suppose  the  masses  of  the  plauets  to  be 

m"  =  1  +  329630  log  94.4819733) 
m"'=  l  _i_  .-JIOOOOO  'r  93.5086383  [• 
m«=  1 +.1047.9        "96.9796802) 

the  sun's  mass  beiug  unity,  we  shall  find 

8V  —  —  a"[91. 3975768]  cos(n"t— 2n'"t+n™t) 
SV=  +[93.2475824]  sin(n"t— 2ri"t+nln)  ; 

8V"=  +a"[92. 4234134]  cos(n"i— 2n"V  +  m»7) 
SV"=  —[93.8293386]  sin(«"i—  2n">t+n>vt)  ; 

82r"  —  — a"[90. 7319304]  cos{n"t— 2ri"t+ri™t 
8"vw—       [90.9097732]  sm(n"t— 2n'"t+nivt. 


(67) 

(68) 

(69) 

(7U) 


If  we  suppose  the  sun's  distance  from  the  earth  to  be 
93  000  000  miles,  the  maximum  perturbations,  depending  on 
the  above  argument,  become 
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SV'=  0. -23-23  miles  =  1226  feet 

,YV'  =  16.45       miles  =  0".0365 

(71)         3V"=  2.4654  miles  =  13018  feet 

8V"=  95.65      miles  =  0".140 

,V'riv  =  0.0501  miles •=  -264.5  feet 

8VV=  0.353     miles  =  0".  000167 

These  quantities  are  too  small  to  be  detected  by  observa- 
tion ;  yet  they  are  interesting,  for  they  show,  what  might 
have  been  expected  from  the  form  of  the  argument,  that  the 
mean  motion  of  Mars  is  always  accelerated,  while  the  mean 
motions  of  the  Earth  and  Jupiter  are  retarded  ;  and  vice 
versa. 

9.  It  now  only  remains  to  determine  the  effect  of  the 
preceding  inequality  in  the  motion  of  the  earth,  upon  the 
motion  of  the  moon.  The  theory  of  the  moon's  motion  con- 
tains the  term, 

fdE\  .     ..   r 


(72) 


dr 


=  —  i  m"  ■ 


(73) 


The  variation  of  this  with  respect  to  r",  is, 

ilr  J  r'*  a~a 

and  if  we  put,  for  abridgement, 
Cleveland,  1893  Aug.  31. 


fir" 


n"  —  2n"  +  n"  =  an  =  0.001566017«  (74) 

equation  (64)  will  give 

,V  =  —a"  m  '"  m"  [0.9092583]  cos  a  nt  (  75  | 

a  denoting  the  moon's  mean  motion.     Therefore  we  shall 
have 


^''f'')  =  —~m'"m"  [1.0853496]  cos«n« 


Then  equations  (  I'.')  and  (50)  will  give 
fir 


1TL     711       711i 

[1.0853496]  a-^L— 


1 


Sv=  —[1.3863796] 


sin  a  nt 


«(1— or) 

Or   finally,  by  reducing  to  numbers 

fir  =  —[89. 32148]  acosant  I 
6v—       [97.74214]  sin  ant      > 


(76) 

(77) 
(78) 

(79) 


The  greatest  variation  of  the  moon's  distance  from  the 
earth  would  therefore  amount  to  only  0.316  inches,  while  its 
longitude  would  be  changed  by  0". 005523,  or  33.64  feel  in  a 
period  of  about  twelve  years. 


NEW  DETERMINATION  OF  THE  ORBIT  OF  THE  DOUBLE  STAR  F.  70  OPHIUCH1, 


By  Profkssor  W.  SCHUR. 


As  1  have  already  announced  on  different  occasions,  I  am 
engaged  upon  a  new  determination  of  the  orbit  of  70  Ophiu- 
chi.  My  calculations,  employing  all  attainable  observations, 
including  the  recent  ones  by  Professor  Hall,  kindly  sent  to 
me  for  the  purpose,  together  with  my  own  observations  up 
to  the  present  time,  give  the  following  elements  : 

Passage  of  periastron,  T  1808.025 

Position-angle  of  node,  Q    121°  23' 

Inclination,  «'     59     56 

Angle  between  node  and  projection  of  periastr.,  /.  Wis    24 

e  0.4759 
v  — 4°.0728 
a    I". 69 
U  88.39  vis. 


Eccentricity. 

Annual  motion, 

Semi-axis, 

Time  of  revolution, 


The  motion  at  the  present  time  will  be  seen  by  the  fol- 
lowing table. 

Oottingen,  1893  September. 


1885 

p   =  31.8 

p  —   2.01 

86 

21.6 

1.94 

87 

11.0 

L.92 

88 

0.5 

1.94 

89 

350.3 

2.01 

90 

341.0 

2.10 

91 

332.5 

2 . 2  2 

92 

324.9 

2.32 

93 

317.8 

2.41 

94 

311.3 

2.48 

1895 

304.9 

2.50 

Perhaps  the  dates  may  require  small  alterations  when  a 
further  approximation  of  the  systematic  corrections  of  the 
observations  is  taken  into  account;  but  the  elements  will  be 
very  near  the  truth.  The  details  of  the  calculation  and  of 
the  researches  concerning  the  systematic  corrections  "ill  be 
published  in  a  short  time. 


Till-:    PERIOD   OF   THE   FIFTH    SATELLITE   OF   JUPITER, 

By  1'..   E.   BARNARD. 


The  satellite  was  first  seen,  at  this  opposition  of  Jupiti  r, 
on  September  :i ;  but,  on  account  of  the  low  altitude  uf  the 
planet,  the  measures  were  not  very  satisfactory.     On  Sep- 


tember 15,  however,  it  was  well  seen  before  eastern  elonga- 
tion, ami  21  measures  of  ii  were  secured  with  the  .'ill-inch. 
Though  fairly  well  seen,  the  satellite  was  faint. 
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From  these  measures  I  have  deduced  the  time  <>r  eastern 
elongation    independently    from    each   observation   by    the 

formula, 

1 


T 


!mct 


8  =  measured  distance,  A  =  the  apparenl  elongation- 
distance,  derived  from  last  year's  observations,  t  being  the 
observation-time,  and  0°.502  the  angular  motion  of  the 
satellite  in  its  orbil  in  one  minute  of  time. 

The  indiscriminate  mean  of  these  gives  for  the  easl  elon- 
gation al  1893  September  15,  1 7h  36ra.9  Standard  Pacific 
Time,  which  is  eight  hours  slow  of  Greenwich. 

This  makes  the  satellite  some  eight  minutes  slow  of 
M  Ainu's  ephemeris  in  M.N.,  Vol.  I.I  II.  No.  8. 

Combining  this  with  the  elongation  computed  from  obser- 
vations 1892  September  10  (12h  47m.5  St.P.T.),  and  cor- 
recting  for  aberration   and    parallax,    I   get    the    following 

period. 

P  =  U*  .',7'"  •_'-". 56. 
From  observations  extending  over  only  three  months,   I 
got  last  year 

P  =   11"  57"'  23". OG  (see  A.J.  286). 
In  the  above  number  of  the  Monthly  Notices,  Air.  Marth, 
from  my  observations  last  year,  derived 
P  =   11"  57'"  2P.88. 
The  present  determination  of  the  period  is  0a.50  less  than 
my  former  value,  and  06.68  greater  than  Marth's. 

The   measured   equatorial   diameter  was  44". 34  corrected 

Mt.  Hamilton,  1893  September  18. 


for  phase,  by  the  aid  of  M Ainu's  ephemeris,  M.N.,  Vol.  LI II. 
No.  8.  The  half  value  22".  17  has  been  applied  to  the 
measures  from  the  limb  to  gel  the  distauce  from  the  center 
of  Jupitei . 

Micrometer  Me  isi  res. 


Standard 

Rev.  ol 

Obs'cl  A 

A  from 

Computed 

1893 

Pacific  Time 

Mir.  Scr. 

from 

East  Elon- 

S\slowofGr. 

>              !              ' 

i",  |W 

f.  Limb 

center 

gation 

h        in       s 

r- 

n  ' 

n 

h        n: 

Sept.    15 

16   14  50 

8.253 

18.36 

40.53 

17  40.0 

15 

16     5 

8.139 

19.49 

41.66 

17   37.8 

15 

!8  46 

8.010 

20.76 

42.93 

17  36.4 

15 

20    in 

8.012 

20.74 

4  2.91 

17  38.4 

15 

22  -20 

7.938 

21.48 

13.65 

17  37.5 

15 

23  50 

7.944 

21.42 

13  59 

17   39.2 

15 

25   17 

7.796 

22.88 

45.05 

17  35.8 

15 

27   10 

7.873 

22.12 

44.29 

17  40.2 

15 

•."J  33 

7,748 

23.36 

15.53 

17  38.1 

15 

30  50 

7.630 

24.53 

46.70 

17  35.0 

15 

33  2  7 

7.599 

24,83 

47.00 

17  36.5 

15 

37     0 

7.482 

25.99 

48.16 

17  35.3 

15 

39    15 

7.390 

26.90 

49.07 

17  33.6 

15 

41   20 

7.443 

26.38 

48.55 

17  38.0 

15 

42  52 

7.339 

27.41 

19.58 

17  34.8 

15 

44  33 

7.304 

27.76 

49.93 

17  34.8 

15 

46  20 

7.300 

27.80 

49.97 

17  36.4 

15 

47  27 

7.245 

28.34 

50.51 

17  35.0  , 

15 

49     5 

7.235 

28.44 

50.61 

17  36.0 

15 

50   15 

7.285 

27.94 

50.11 

17  39.7 

15 

16  53  20 

7.178 

29.00 
Mean 

51.17 

17  37.2 

17  36.9 

Prof. 

Krueg 

ER 

ias 

t  ransmitted 

the  i 

iscove 

1893    AI 

,2M 

S 

jpt. 

ll               Ml 

15     8  53.5 

Nice 

M.T. 

AK 

12  v 

18   10  32.0 

i  I 

AL 

.     UM 

18   10  32.0 

U 

AM 

1.2  M 

18   10  32.0 

i  i 

AN 

1HM 

20   13   22.0 

u 

NEW   ASTEROIDS. 

tied  the  discovery  of  live  small  planets  by  Mr.  Chari.ois. 


Daily  Motion 
— 56"  in  a.  and  0'  in  8. 
— 44s  in  a,  and  8'  southward. 
— 52'  in  a,  and  1'  northward. 

— 52"  in  (c,  and  4'  southward. 
— 485  in  «.  and  5'  southward. 


The  planet  1893  S  proves  to  be  that  which  was  found  by  Prof.  Wolf,  1891  Nov.  28,  but  to  which  no  permanent  num- 
ber was  then  given. 

The  planet  1893  AF  (Charlois,  Aug.  9)  proves  to  be  no.  158,  Goronis. 


h         in          s 

0     3     6.4 

O             '          ' 

-  3   18  2 

0   19   12 

+  10  45 

0   30     4 

+  16  28 

0  37  28 

+  13     5 

1    20  48 

+  11   54 
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OBSERVATIONS   OF  VARIABLE   STARS   OF   THE   ALGOL-TYPE,  1892-1893, 

By  PAUL  S.  YENDELL. 


The  present  paper  details  the  results  of  my  observations 
upon  the  variables  of  this  class,  during  the  sixteen  months 
from  1892  May  1  to  1893  September  1,  and  is  a  continuation 
of  the  series,  of  which  the  paper  next  preceding  was  pub- 
lished in  this  Journal,  Vol. XII,  p.  42. 

The  observations  include  all  the  known  stars  of  this  type, 
with  the  exception  of  S  Gancri,  of  which  no  minimum  has 
been  observed,  and  YC'in/ni.  the  observations  of  which  are 
reserved  for  publication  by  themselves  at  the  end  of  the 
season. 

The  methods  of  reduction  used  are  the  same  as  heretofore, 
except  that  in  the  case  of  UCepltei,  a  mean  light-curve 
formed  from  all  my  own  observations  up  to  the  date  of  this 
paper  is  used,  and  in  that  of  ).  Tauri,  apparent  variations 
of  the  light-curve  render  the  results  deduced  from  mean 
curves  misleading  in  many  cases,  so  that  for  this  star,  the 
use  of  this  form  of  reduction  has  been  discontinued. 

320.     UCephei. 
Seven  minima. 

1893  Julv  6  ;  twenty-three  observations,  from  9h  50m'to 
14"  33m. 
Time  of  minimum  by  single  curve,  12h  34m,  wt.  5. 

"  "  nu-an  curve,    12    38.5. 

"  "  equal  light, 


Before 

After 

Mean 

M 

h       m 

h         m 

li         m 

8.6 

11    18 

11      4 

12   46.0 

8.8 

11   23 

13  58 

12  40.5 

9.0 

11   26 

13  52 

12  39.0 

9.2 

M 

11   33 
ean 

13  38 

12  35.5 

12  40.25 

ast  obsers 

ed  light,  '.i'" 

.31 

1S93  July  16  ;  sixteen  observations,  from  10h  lm  to  14"0" 
Time  of  minimum  by  single  curve,  llh  40™,  wt.5. 

"  "  mean  curve,   11    53.3. 

"  "  equal  light, 


Before 

After 

Mean 

M 

h        m 

h       m 

h         m 

8.6 

10   12 

13  34 

11   53.0 

8.8 

10  21 

13   27 

11   54.0 

9.0 

10  32 

13  20 

11   56.0 

9.2 

10  42 

13     4 

11    53.0 

9.4 

10  57 
Mean 

12  36 

11   46.5 
11  52.5 

Least  observed  light,  9M 

.49 

1893  July  21  ;  twenty-three  observations,  from  8h  25m  to 
14"  25m. 
Time  of  minimum  by  single  curve,  11"  27™. 0,  wt.  5. 
"  "  mean  curve,   11    48  .8. 

"  "  equal  light, 


Before 

After 

Mean 

M 

h       ra 

h         m 

h         in 

8.6 

10     1 

13  19 

11   40.0 

8.8 

10  10 

13  16 

11   43.0 

9.0 

10  20 

13   10 

11  45.0 

9.2 

10  28 

12  50 

11   39.0 

9.4 

10  38 

12  28 

11   33.0 

Mean 

11  40.0 

Least  observed  light.  9M.49. 

1893  August  5;    fourteen  observations,  from  9"  55" 
12"56m. 

Time  of  minimum  by  single  curve,  10"  42"',  wt.  4. 

"  "  mean  curve,    10   43  .1. 

"  "  equal  light, 


to 
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9.2 

10 

19 

11 

25 

10 

52 

0 

9.4 

10 

23 

11 

15 

10 

49.0 

Mean 
Least  observed  lisrht,  9M.52. 


10  51.3 


1893  August  10  ;  twenty-one  observations,  from  8"  5"'  to 
12"  18m. 

Time  of  minimum  by  single  curve,  10"  12m,  wt.  5. 

"  "  mean  curve,    10    11   .1. 

"  "  equal  light, 


Before 

After 

Mean 

m                           h         m 

h         in 

h          m 

8.2              8     7 

12     6 

10     6.5 

8.4               8  13 

12     1 

10     7.0 

8.6              8  22 

11  58 

10  10.0 

8.8              8  35 

11   54 

10  14.5 

9.0              8  46 

11   44 

10  15.0 

9.2              8  55 

11  30 

10  12.5 

9.4              9     8 

11    17 

10  12.5 

Mean 

10  11.1 

observed  light,  9M.52 
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1893  August  15  ;  thirteen  observations,  from  8"  4'"  to  n1' 
i"1. 

Time  of  minimum  by  single  curve,  9h  53'",  w.  5. 
mean  curve,   9    52   .5. 
"  equal  light, 

Mean 

It  Ml 

9  15.5 

9  19.0 

9  50.5 

9  54.0 

'.)  5(1.0 

'.)  59.5 

9  49  5 
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li 
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8     7 

11    24 

8.4 

8   18 

1  1   20 

8.6 

8  23 

11    IS 

8.8 

8  32 

11    10 

9.0 

8  38 

11    14 

9.2 

8    17 

11    12 

9.  1 

M 

8  56 

•all 

10  4". 

observed  light,  9M 

.49 

9  52.0 


1893  August  25;  eighteen  observations,  from  7h  43'"  to 
11"  38m. 
Time  of  minimum  by  single  curve,  81'  48™,  wt.  .">. 
"  "  mean  curve,  8    36. 

"  "  equal  light, 


Before 

After 

Mean 

M                                h        m 

h        m 

h          in 

8.8                7  44 

10  25 

9      4.5 

9.0               7  47 

10  18 

9     2.5 

9.2                7  50 

10     5 

8  57.5 

9.4                7  58 

9  45 

8  51.5 

Mean 

8  59.0 

ast  observed  light,  9M 

.49. 

1090.     Algol. 
Two  minima. 

1892  Nov.  23  ;  fourteen  observations,  from  G'1  10'"  to 
15"'. 

Time  of  minimum  by  single  curve,  9h  24m.  wt.  3. 
"  mean  curve,   9    47  .7. 

;l  "  equal  light, 


10" 


Before 

After 

Mean 

M 

u      in 

h         m 

ii      in 

3.2 

8  35 

10    15 

9   25.0 

3.3 

8  55 

10     2 

9   28.5 

3.4 

9     2 

9  52 

9  27.0 

3.5 

9   10 
Mean 

9  32 

9  21.0 
9  25.1 

Le 

ast  observed  light,  3M 

.6. 

1893  August  5;  nineteen  observations,   from  101'  50" 
l.V1  (1"\     Moonlight,  and,  after  midnight,  some  fog. 
Time  of  minimum  by  single  curve,  13h  36m,  wt.  4. 

"  "  mean  curve,    13    31   .8. 

"  "  equal  light. 


to 


li'fure 

After 

Mean 

M 

!l        in 

h        m 

h         in 

2.8 

1  1    28 

15     0 

13  14.0 

2.9 

12     0 

14  48 

13  24.0 

3.0 

12   25 

14  38 

13  31.5 

3.1 

12   4  2 

14  23 

13   32.5 

3.2 

13     8 

14     0 

13  34.0 

Mean 

13  27.2 

ast  obst 

rved 

light,  3U.27 

1411.     ITauH. 
Two  minima. 

1892  Dec.  29  ;   seven  observations,  from  6h  25m  to  9"  35m. 
Time  of  minimum  by  single  curve,  7h  21m,  wt.  4t. 

"  "  equal  light, 

Mean 

ii       in 

7      7.0 

7   13.5 

7    15.0 


Before 

M                                   h         111 

1.1               6  22 

A-1'ter 

ii       i 

7   52 

4.2                 6   4  2 

7  45 

4.3               6  52 

7  38 

.Mean 

ast  observed  light,  4M 

5. 

7   11.8 


1893  March  G  ;  eleven  observations,  from'  7h  58'"  to  10h 
20'". 

Time  of  minimum  by  single  curve,  10''  3'",  wt.  3. 
"  "  equal  light, 


Before  After 

\i                                ii         in  h         in 

4.1  9   50  10   20 

4.2  9   54  10    10 
Mean 


Mean 

h  in 

10  5 
10  2 
io    3~T5 


Least  observed  light,  4M.3. 

2G10.     li  Ganis  Majoris. 
Two  minima. 

1893  Feb.  26  ;  twelve  observations,  from  7h  45'"  to  11*  0'". 
Time  of  minimum  by  single  curve,  10*  4"',  wt.  4. 
"  ■'  mean  curve,     9  57.5. 

"  "  equal  light, 

Before  After  Mean 

M  ]i         in  h        in  h     in 

6.5               9  32              10  43              10  7.5 

6.7               9  48              10  17              10  2.5 

Mean  10  5.0 
Least  observed  light,  6M.83. 

1893  March  6  ;  eleven  observations,  from  8*  0'"  to  10*  35'". 
Time  of  minimum  by  single  curve,  9*  14'",  wt.  4. 

"  "  mean  curve,   9    10. 

"  "  equal  light, 


Before 

After 

Mean 

M 

ii       in 

ii     in 

h         in 

6.5 

8  36 

9  48 

9   12.0 

6.7 

8   50 

9  34 

9   12.0 

Mean 
Least  observed  light,  6M.8. 


9    12 


3407.     S  Antliae. 
Fom  minima. 

1893  March  7;  fourteen  observations,  from  8*  42"'  to  10'1 
47m. 

Time  of  minimum  by  single  curve,  9*  57"'.  wl.  5. 
"  "  mean  curve,    9    59.2. 

"  "  equal  light, 

Before  After  Mean 

M  h  in  li        i'i  li  'I' 

7.0  9    12.5 

7.1  9  38.5 
Mean 

Least  observed  light,  7™. 17. 


10 

40 

9 

56 

■jLb 

10 

5 

9 

51 

75 

9-  54.00 
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51" 


1893  March  18  ;  thirteen  observations,  from  8h  35™  to  10h 

Time  of  minimum  by  single  curve,  10''  6m,  wt.  5. 
"  '•  mean  curve.      9  59.5. 

"  equal  light. 


Before 

After 

Mean 

M 

h          m 

ll            111 

h         in 

6.9 

8  55.5 

10  51.0 

9  53.25 

7.0 

9  27.0 

11)  41.5 

10     4.25 

7.1 

10     3.5 

10     8.5 

10     6.00 

Mean 

'10     1.17 

Least  observed  light,  7M.12. 

1893  March  21  :  eleven  observations,  from  7h  86m  to  9h  15™. 
Time  of  minimum  by  single  curve,  8h  15"'.  vvt.  5. 
"  mean  curve,    8      9.4. 

equal  light, 

Before  After  .Mian 

m  h.        m  h        in 

7.0  7  40.0  8    ID. ii 

7.1  S     4.D  8   23.5 
Mean 

Least  observed  light,  7M.1"_\ 

1893  April  11  ;  eight  observations,  from  81' 47'"  to  10"  30" 
Time  of  minimum  by  single  curve,  '.'"  41'".  wt.  5. 
"  mean  curve,  9    42.3. 

"  "  equal  light, 


8   10.00 
8   13.75 

8  11.88 


7.U 
f.l 


Before 

h         in 

9      7.D 
9   -27.0 


After 

h        m 

in  26.0 
9  48.0 


Mean 

9  46.50 
9  37.50 
9  42.00 


Mean 
Least  observed  light.  7M.14. 

1893  .March  6  ;   nine  observations,  from  8h30'"to  10"  35"'; 
no  minimum  observed. 

Time  of  minimum  by  mean  curve,  10"  30'". 0. 

5374.     S  Librae. 

One  minimum. 

1893  May  24  ;  sixteen  observations,  from  8h  45"'  to  13h  22'"  ; 
bright  moonlight. 

Time  of  minimum  by  single  curve,  1  I1'  50'".  wt.  3. 
"  "  mean  curve,    1 2      0.6. 

"  ••  equal  light. 

Before  After 

M  ll  111  ll  III 

5.3  9     2.5  13     3.0 

in     9.0  12  49.0 

5.7  10  47.0  12  42.0 

Mean 

Least  observed  light,  5". 83. 


Mean 

h         in 

11  2.75 

11  29.00 

11  44.50 

11  25.40 


10" 


5484.      UCornnae. 
Four  minima. 
1893  April  23:  thirteen  observations,   from  8h  0m  to  12* 

Time  of  minimum  by  single  curve,  ll1'  24'",  wt.  3. 

'■  "  mean  curve,    11    29. 

Least  observed  light,  9M.l. 


1893  May  2  1  ;  sixteen  observations,  from  8h  30m  to  13h  30m. 
Time  of  minimum  by  single  curve,  12h  56™,  wt.  •"■. 
mean  curve,    13    10.8. 
"  "  equal  light, 

Before  After  Mean 

m  h       in  h         in  h       in 

8.9  12    14  13  30  12  52 

Least  observed  light,  9M.05. 

1893  July  1  :   eleven  observations,  from  9    59,nto  1  2"  58m. 
Time  of  minimum  by  single  curve,  llh  55'".  wt.  1. 

"  "  mean  curve.    1 1    58.1. 

"  "  equal  light, 

Before  After  Mean 

M  h  01  h        in  :i        til 

8.9  11    22  12   48  12   5 

Least  observed  light.  9M.l. 

1893  August8;  thirteen  observations,  from  8h  21"  to  12* 


35" 


Time  of  minimum  by  single  curve,  llh  13'",  wt.  3. 

"  ••  mean  curve,    11   37.5. 

Least  observed  light.  9".  1 . 

6189.      UOphUichi. 
Five  minima. 

1892  June  6  ;  seven  observations,  from  9''  0'"  to  10''  15" 
Time  of  minimum  by  single  curve,  91'  42'".  wt.  2. 
"  "  mean  curve,   9    47.4. 

"  4i  equal  light, 

Mean 


6.6 


Before 
h     in 
9  28 


After 

h  rr  h         m 

9  50  9  39 


Least  observed  light,  6M.(>3. 


1893  June  10;  ten  observations,  from  9"  7m  to  1  2    i    . 
Time  of  minimum  by  single  curve,  101'  47"'.  wt.  4. 

"  "  mean  curve,    10  42.5. 

"  "  equal  light-. 

After 


6.5 
6.6 


IirfulV 
h        in 

9   48 

10  11 


12     2 

11    22 


Mean 

b 
10 

m 

.•|5.n 

10 

46.5 

10 

5H.75 

Mean 
Least  observed  light.  6U.68. 


1893  July  6  ;  thirteen  observations,  from  9"  15'"  to  1  I     15" 
Time  of  minimum  by  single  curve.  10h  31'",  wt.  4. 
•'  "  mean  curve.    10   55.9. 

"  equal  light. 


6.5 


Least  observed  light.  6M.60. 


Before 

After 

Mean 

h        m 

;i  28 

h      in 
11    42 

h           "i 

10  35 
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1898  July 

16  ;  ten  observations,  fr 

om 

9"  48m  to  13h 

28m. 

1893  July 
25m. 

Time  of  n 

21  ;  fourteen  observations, 

from  8h  40m  to  13h 

Time  of  minimum  by  single  curve, 

"                "               mean  curve, 
"               "              equal  light, 

11' 
11 

43m,  wt.  5. 
31.0. 

mimum  by  single  curve,  12' 
"               mean  curve,    1  2 
"               equal  Light, 

45"',  wt.  4. 
36.8. 

M 

6.5 

Before               After 

h        m                        h       m 

9  58              12  56 

Mean 
h         m 

11    27.0 

M 

6.6 

Before                After 

h        in                       h        m 

12  15              13  20 

Mean 

h         m 

12  47.5 

6.6 

11     3             12     7 

11  35.0 

6.7 

12  24              12  48 

12  36.0 

Mean 

11  31.0 

Mean 

12  41.8 

Least  observed  light,  6M.68. 

Least  observed  light,  6*. 75. 

Dorchester,  3Iass.,  1893  September  2. 


A   SIMPLE  GEOMETRICAL  EXPLANATION  OF  THE  CAUSE  OF  THE  OBSERVED 
DISTORTIONS  OF  THE  SHADOWS  OF  JUPITER'S  SATELLITES, 

By  J.  M.  SCHAEBERLE. 

The  inclination  ('  of  this  same  chord  to  a  line  drawn  to  the 
sun  is  given  by  the  equation 


The  hitherto  puzzling  phenomena  attending  the  observa- 
tions of  the  shadows  of  Jupiter's  satellites  have  frequently 
been  commented  wpon,  but  no  satisfactory  explanation  has, 
to  my  knowledge,  ever  been  presented. 

The  solution  of  the  problem  which  I  now  give  is  of  so 
simple  a  nature  that  all  doubt  as  to  its  validity  is  removed, 
as  the  proof  only  involves  purely  geometrical  principles. 

Let  R  denote  the  radius  of  Jupiter. 

Let  r  denote  the  radius  of  the  satellite's  shadow-cone 
where  it  intersects  the  surface  of  Jupiter. 

For  any   given   position  of  the  shadow  on  the  disk   of 

C'/  or/ 

Jupiter  let  -=  and  -^  denote  the  distances  from  the  center 

of  the  disk  to  the   nearest  and  farthest  points  of  the  oval 
shadow  then,  as  viewed  from  the  sun,  we  always  have 

(   '  '  •  R  R  ~  R 

The  longest  diameter  of  the  oval  will  be  projected  along 
a  radius  of  the  disk  and  its  actual  length  cV  measured  on 
the  surface  of  Jupiter  will  be 

:s)->°-  (i 

The  diameter  (?„'  at  right  angles  to  the  radius  will  be  con- 
stant and  given  by  the  equation 

Jh 

To  avoid,  for  the  present,  more  involved  expressions,  we 
will  only  treat  of  the  case  of  a  shadow  moving  along  the 
equator  of  Jupiter.  As  both  the  earth  and  the  sun  are 
nearly  in  the  plane  of  Jupiter's  equator,  we  can,  without 
appreciable  error,  substitute  for  the  equatorial  arc  of  the 
shadow  its  chord,  as  both  have  the  same  projection  when 
the  whole  shadow  arc  is  actually  visible.  The  length  d  of 
this  equatorial  chord  will  be  given  by  the  expression 


(2) 


(3) 


xl' 


R 


d0'  =  2R  sin' 


90°  — 


(4) 


d 


2  R  sin  .',   sin"1  — 


+  sin  ' 


(5) 


RJ  \R. 

Now  let  6  denote  the  angular  distance  between  the  earth 
and  sun  as  seen  from  Jupiter,  the  inclination  of  the  chord 
to  the  actual  line  of  sight  will  then  be 

e  ±  i 

Consequently  the  observed  length  I  of  the  chord  projected 
on  a  plane  which  is  perpendicular  to  the  line  of  sight  will  be 

l')-siu_I(£ 

The  plus  sign  being  used  when  the  shadow  is  on  that  side 
of  the  center,  which  is  toward  the  visible  terminator,  and 
the  minus  sign  when  the  shadow  is  on  the  side  of  the  invis- 
ible terminator. 

Let  us  now  consider  some  special  cases  of  equation  (6). 
When  6  =  0°  or  180°,  equation  (6)  reduces  to 

2r 


I  =  272  sin.',   sin 


sin(0±<')     (6) 


R 


(') 


for  all  values  of  i,  as  it  evidently  should.     In  other  words, 
when  the  planet  is  in  opposition  (or  conjunction)  there  will 
be  no  distortions  of  the  shadow  from  a  circular  outline. 
When  i  =  90°  equation  (6)  reduces  to 
„  2r 


L 


R 


6 


(8) 


Now  as  6  can  never  much  exceed  12°,  it  follows  that  when 
the  shadow  is  on  the  central  meridian  the  longitudinal  diam- 
eter will  never  be  less  than  0.97  of  the  transverse  diameter 
of  the  shadow. 

The  angle  i  can  never  equal  zero,  its  minimum  value  /,„  is 
for  the  position  when  the  shadow  is  tangent  to  the  termina- 
tor internally.  For  this  case  5"  =  R  and  equation  (5) 
becomes 

■'[  J")  (9) 
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Substituting  this  value  of  im  iu  equation  (6)  and  using  the 
positive  sign,  we  obtain  the  observed  value  of  lm  for  the 
visible  terminator.  (10) 


lm  =  2Bs\d  J 


covers ' 


0  +  .V  covers" 


i; 


The  value  of  l,„  corresponding  to  a  negative  value  of  /,„ 
can  not  be  used  when  6  has  a  finite  value,  for  the  reason 
that  near  the  invisible  terminator  only  a  portion  (if  any)  of 
the  actual  shadow  can  be  seen  from  the  earth  on  account  of 
the  curvature  of  Jupiter's  surface,  so  that  the  chord  and  arc 
no  longer  have  the  same  projection. 

To  obtain  the  expression  for  the  observed  value  of  I  when 
the  shadow-cone  is  tangent  internally  to  the  full  outline 
(near  the  invisible  terminator)  of  the  planet  we  must  place 


—  =  cos  6  and        =  1 


cover  0+^ 


The  expression 


for  the  actual  length  of  the  chord  as  given  by  equation  (4) 
then  becomes 


(11)       d 


■2R 


covers    '  covers  6  + 


I! 


This  inclination  of  this  chord  to  a  line  drawn  to  the  sun  is 
(12)  9  +  covers-1 


!)) 


And  the  inclination  of  the  chord  to  the  actual  line  of  sight 
will  be  0  —  i.     Consequently  the  observed  length  I  will  be 


(13) 


I  =  d  sin (0 — i) 


Let  us  now  take  the  shadow  of  Jupiter's  first  satellite  as 
an  example  illustrating  the  application  of  the  formulas.  We 
know  from  observation  that  very  slight  variations  of  surface 
shadings  in  a  satellite  may  produce  very  marked  contrasts 
when  projected  against  the  disk  of  Jupiter.  From  this  fact 
it  is  probable  that  both  the  umbra,  and  more  or  less  of  the 
penumbra,  are  involved  in  the  observed  measure  of  a 
shadow. 

However,  for  illustration,  let  us  take  the  diameter  of  the 
shadow  at  2000  miles,  and  the  equatorial  diameter  of  Jupiter 
at  88200  miles,  and  determine  the  phenomena  for  a  maxi- 
mum value  of  6=  12%  or  for  the  time  when  Jupiter  is  in 
quadrature. 

Lick  Observatory,  1893  September  5. 


At  the  center  of  the  planet  the  two  observed  diameters  of 
the  shallow  will  be.  according  to  equation  (8), 

Longitudinal.  1950  miles 

Transverse,  2000     " 

When  the  shadow  is  just  tangent  to  the  visible  terminator 
the  observed  dimensions  are,  according  to  equation  (10), 

Longitudinal,  5400  miles 

Transverse,  2000     " 

That  is,  the  observed  length  is  more  than  twice  the  breadth 
of  the  shadow. 

When  the  shadow  is  just  tangent  internally  to  the  full 
outline  (near  the  invisible  terminator)  of  the  planet,  the  ob- 
served dimensions  of  the  shadow,  according  to  equation 
(13),  are 

Longitudinal,  550  miles 

Transverse,  2000     " 

Or  the  observed  length  measured  along  the  equator  is  but 
little  more  than  one-fourth  of  the  breadth  in  latitude. 

The  interpretation  of  equation  (6)  therefore,  enables  us 
to  enunciate  the  following  almost  self-evident  law  for  cen- 
tral transits. 

The  shadow  of  a  satellite  of  a  superior  planet  as  seen  from 
the  earth  mill,  for  6  greater  than  zero,  always  be  elongated  in 
the  direction  of  the  equator  near  the  risible  terminator,  and 
contracted  in  the  same  direction  near  the  invisible  terminator. 
The  distortion  is  pro  zero  near  the  center  of  the  disk, 

ami  has  maximum  values  when/the  shadow  is  internally  tangent 
to  the  visible  outlines  of  the  disk.  Wlten  the  planet  is  in  op- 
position  (or  conjunction),  there  are  no  appreciable  geometrical 
distortions. 

It  is  evident  that  when  the  transit  of  the  shadow  is  not 
central,  the  same  general  conditions  will  prevail,  only  the 
distortions  will  then  be  oblique  to  the  equator. 


Noli:.  When  the  shadow  falls  centrally  upon  a  narrow  bright 
belt  or  spot  on  Jupiter  an  apparent  contraction  of  the  penumbra] 
portion  of  the  shadow  will  cause  an  apparent  double  shadow,  espec- 
ially when  the  seeing  is  not  first-class. 

Near  the  visible  terminator  the  two  components  will  always  lie 
along  a  radius,  but  near  the  invisible  terminator  they  will  lie  on  a 
line  parallel  to  the  circumference.  The  components  will  ahv:n  -  bi 
largest  near  the  visible  terminator,  and  smallest  near  the  invisible 
terminator.  j.  ji.  g_ 


ROBERTS'S   VARIABLE   IX    CARINA, 

By  EDWAKD  C.  PICKERING. 

In  the  Astronomical  Journal,  Vol.,  XIII,  p.  110,  Dr. 
Chandler  discusses  the  variability,  discovered  by  Mr.  A. 
W.  Roberts,  of  the  star  whose  position  for  1875  is  iu  R.A. 
8h  28"  34%  Decl.  —58°  48'  10".  After  failing  to  identify  the 
object  he  states  that  "The  singular  confirmation  by  the 
H.C.O.  photographs  of  the  variation  of  a  star  apparently 
not  the  variable,  is  thus  unaccounted  for."     This  "singular 


confirmation  "  is  now  explained  by  a  letter  just  received  from 
Mr.  Roberts.  In  it  In-  state-,  first,  that  this  star  was  cor- 
rectly identified  b'y  Mrs.  Fleming  as  '/..('.  VIII,  2388  (Astr. 

Jour.  Vol.  XIII,  p.  79)  and  is   that  whose   variability  he  ob- 
serve.1:   and    secondly,    that   although   he   had    already    an- 
nounced the  variability  of  Lacaille  3.".'.'::  (  British  Astroi 
cal  Journal,  II.  :J:M  |,  as  the  two  stars  are  a  degree  apart,  he 
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did  not  anticipate  thai  they  would  be  supposed  t>>  be  the  by  those  interested  iu  the  matter.      A  constant  difference 

same  object.     Of  course  the  evidence  of  variability  afforded  between  the  photographic  and  the  visual  magnitudes  is  readily 

bv  the  Harvard  photographs  may  be  examined  at  any  time  accounted  for  by  a  difference  iu  color  in  the  stars  compared. 

Harvard  College  Observatory,  1893  September  30. 


ETLAR-MICROMETER  OBSERVATIONS  OF  COMET  b  1893, 

MADE    WITH    Uli:    74-INCH    TELESCOPE   OF    1111     OBSERVATORY    OF    I'll!'.   STATE    UNIVERSITY    OF    MISSOl   1:1. 

liv  MILTON  PPDEGKAFF. 
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Mean    Places  for  1893.0  of  Comparison- Stars. 
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W.B.  IX.  640 

3 

■    10     0  37.6 

+  0.55 

+  40  28.3 

+  7.4 

DM.  40°2289 

4 

10  12     5.24 

+  0.59 

+  38     2  35.9 

+  6.9 
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5 
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The  observations  of  July  11  and  17,  and  of  August  9  and  11  are  rather  poor.     When  appreciable,  the  corrections  for  differential 
refraction  have  been  computed  and  applied. 
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EPHEMERIS   OF   COMET  1892  III  (holmes), 

By  CHARLES  S.  BENTON. 
(Continued  from  No.  299.) 
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OBSERVATIONS   OF   COMETS, 


MADE   WITH    THE    lli-INCII    EQUATORIAL    1NO    FILM:    MKW.OMETER    OF    GOODSELL   OBSER\   ITORY,    NORTHFIELD,    MINN., 

By   II.   C.   WILSON. 
[Communicate'd  by  Wm.  W.  Payne,  Director.] 
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Mean   Places  for  1893.0  of  Comparison- Stars. 
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Comet  1892  VI  was  seen  again  Jul;  18,  but  was  too  Caint  and  dif- 
fuse for  measurement. 

Comet  6  1K93  was  seen,  and  could  easily  have  been  observed  on 
An;:.  17  and  is  had  there  been  any  good  comparison-star  near. 

Frilay's  comet,  Vug.  16,  was  faint,  about  L' in  diameter  slightly 


condensed  in  the  center.     It  was  looked  for  again  on  Sept.  14,  but 
was  not  found. 

Careful  search  was  made  with  the  16-inch  for  Holmi  s's  comet 
(/1892)   Vug.  16  and  Sept.  n.  but  no  trace  of  it  was  seen. 


THE   APPARENT  BRIGHTNESS   OF   COMET  b  1893, 

By  EDWIN  F.  SAWYER. 
In  .counection  with    my    variable-star    and    photometric      brightness  of  the  hit i-  conspicuons  comet.     These  observa- 
work,    I    took  occasion  to    obtain  a  few   observations   for      tions  were  made  with  an  opera-glass  magnifying  2).  iliame- 
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ters  ;  tlie  same  being  placed  slightly  out  of  focus,  as  is 
oruary  in  making  my  observations  and  more  particularly 
•  the  present  case,  to  allow  a  better  comparison  between 
the  disk  of  light  presented  by  the  comet's  nucleus  and 
coma,  and  the  points  of  light  presented  by  the  stars.  Two 
or  more  stars  for  comparison  were  used  at  each  observation. 
The  deduced  magnitude  of  the  comet  for  each  evening  is 
found  by  taking  the  mean  magnitude  of  the  stars  as  given 
in  the  following  catalogues  and  reducing  the  same  to  Arge- 
i.aniuk's  scale; — DM.,  Heis,  U.N.,  Prichard,  Harvard 
Photometric. 

The  observations  were  made  under  rather  poor  conditions, 

owing  to  the   comet's  near  approach   to  the  sunset  horizon 

and  from  the  advancing  moonlight.     The  determined  magni- 

Brighton,  1893  October  16.  


tudes  appear  somewhat  brighter  than  those  fixed  by  Pro- 
fessor Boss  (A.J.  No.  301).  The  comet  apparently  bright- 
ened slightly,  somewhere  between  July  19  and  20." 
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45 
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Aug. 
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Low 

COMET  c  1893. 

A  bright  comet  with  short  tail  was  discovered  by  Brooks,  Oct.   16,  in  the  position, 

Oct.  16.875  Greeuw.  M.T..         a  =  12h  21"\         8  =   +12°  55'.         Motion  northeasterly,  slow. 

It  was  observed  by  Rev.  George  M.   Sf.arle  at  the  Catholic  University  in  Washington, 

Oct.  17  22h  11'"  18"  Greenw.  M.T.         App.  u  —  12"  23"'   P.4,         App.  8  =   +13°  34'  36". 
Father  Searle  describes  it  as  quite  bright,  its  total  effect  being  about  7\  with  a  tail  perhaps  2°  long. 
No  other  observation  has  yet  been  received. 
1893  October  22.  

ASTRONOMICAL  JOURNAL  PRIZE. 

The  judges  for  the  award  of  the  Astronomical  Journal  prizes,  after  careful  consideration,  desire  to  suggest  that 
the  period  specified  in  the  offer  of  the  prize  for  observations  of  comets  (No.  I,  on  p.  160,  A.J.,  Vol.  XII),  be  extended 
by  six  mouths,  to  September  30,  1894.     The  reasons  therefor  are  as  follows. 

During  the  past  six  mouths  but  one  comet  has  been  discovered,  and  the  period  of  its  visibility  was  unusually 
short.  Meanwhile  winter  is  approaching,  during  which  the  usually  prevailing  climatic  conditions  are  likely  to  reduce 
chances  for  observation,  even  if  the  supply  of  new  comets  should  not  be  restricted,  as  is  also  usual,  for  the  same 
reason.  It  is  therefore  probable  that,  from  causes  beyond  the  control  of  the  observers,  there  will  be  inadequate 
opportunity  for  worthy  competition  for  so  generous  a  prize. 

To  meet  this  unforeseen  state  of  things  by  a  measure  in  the  interests  of  the  candidates  for  the  award,  and  fair 
to  all  of  them  alike,  the  above  extension  of  time  is  proposed.  The  judges  therefore  desire  courteously  to  recom- 
mend that,  if  the  suggestion  meets  the  approval  of  the  donor,  the  terms  of  the  offer  should  be  modified  in  accord- 
ance therewith.  Asaph  Hall. 

S.  C.  Chandler. 

1893  October  7.  Lewis  Boss. 

The  Editor  of  the  Astronomical  Journal  has  received  from  the  donor  of  the  prizes  full  authority  to  assent  to  this  proposition; 
and  the  period  comprised  in  the  ofl'er  is  therefore  extended  by  six  months,  closing  1894  September  30. 


CORRIGENDA. 

No.  303,  p.  130,  col.  2,  line  18,    for    32.fi      put    31.4;  line  39,     for    31.86    put    31. 3S. 
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PEELBIINARY   NOTE   OX   A   MECHANICAL   THEJORY   OF   COMETS, 


By  J.  M.  SCHAEBERLE. 


In  my  paper  on  "A  Mechanical  Theory  of  Comets,"  written 
three  years  ago.  the  concluding  paragraph  begins  as  follows  : 

"The  hypothesis,  favored  by  some  astronomers,  that  the 
matter  now  revolving  about  the  sun  in  cometary  orbits  was 
once  ejected  from  the  sun  is.  according  to  the  Mechanical 
Theory  rendered  extremely  probable,  and  il  would  not  be 
difficult  to  bring  forward  many  strong  arguments  to  support 
this  view,  and  to  account  for  many  apparent  changes  of 
form  in  cometary  matter." 

Lately,  various  data  (especially  those  given  by  my  large 
coronal  photographs  of  the  last  eclipse)  have  become  avail- 
able, the  character  of  which  is  such  that  no  apology  is  needed 
for  presenting  my  views  on  the  nature  of  comets  at  this  time  , 
especially  as  this  new  theory  of  comets  is  a  strictly  logical 
consequence  of  the  mechanical  theory  of  the  corona. 

Direct  observations  of  the  sun's  immediate  surroundings 
demonstrate  the  presence  of  masses  of  matter  ejected  from 
the  sun  with  very  great  velocity.  That  this  matter  is  not  of 
a  uniform  density  seems  to  be  plainly  proved  by  the  evi- 
dence of  the  eclipse  photographs.  The  prominences,  for 
instance,  rise  to  certain  limiting  heights,  corresponding  to 
certain  definite  initial  velocities  of  motion.  The  coronal 
streams,  on  the  other  hand,  rise  to  indefinite  heights,  and 
must  therefore  have,  in  general,  much  greater  initial  veloci- 
ties. 

Any  given  eruption  doubtless  gives  rise  to  both  promi- 
nences and  streams.  As  the  ejeciive  force  may  be  assumed 
common  to  both,  the  mass  of  a  given  volume  if  a  coronal 
stream  must  be  less  than  that  of  a  prominence,  and  this  evi- 
dence is  given  by  all  eclipse-photographs  showing  both 
forms. 

Now  let  u  denote  the  velocity  of  a  portion  of  a  promi- 
nence whose  mass  to  a  given  volume  is  m,  and  let  v'  denote 
the  velocity  of  a  portion  of  a  coronal  stream  whose  mass  for 
the  same  volume  is  /«.'.  then  for  the  same  ejective  force  F 
we  shall  have,  if  atmospheric  resistances  are  zero, 

F  —  m  r"  =   m'  r'- 

I  hi 


'■ 


The  individual  particles  going  to  make  up  the  mass  m,  for 
example,  will  not  necessarily  have  equal  masses;  but.  on 
a  ■count  of  their  proximity  to  each  other,  all  are  constrained 


to  have  a  common  velocity  u.      Similarly  all  the  particle-  in 
the  mass  m'  are  forced  to  move  with  the  common  velocity  »' 

If  now  we  assume  tile  mean  density  ,>t  a  coronal  stream 
to  be  even  as  great  as  one-seventh  of  that  of  an  accompany- 
ing prominence,  the  same  explosive  force  which  during  tic 
[asl  eclipse  sent  prominence  matter  to  a  height  of  800U0 
miles,  will  send  coronal  matter  forming  the  streams  to  an 
infinite  distance. 

Each  eruption,  then,  is  sending  out  minute  particles  of 
matter  with  great  velocity,  and  the  solid  angle  of  the  coni- 
cal surface  inclosing  them  till  may  evidently  be  quite  large. 
Aside  from  gravitational  influences  these  particles  suffer  no 
resistance  to  motion  in  space,  except  where  they  come  into 
contact  with  other  particles  of  matter  moving  in  vacuo. 

If  each  particle  moves  along  a  normal  to  the  sun's  surface 
the  density  at  any  given  point  of  a. stream  will  vary  inversely 
as  the  square  of  the  distance  from  the  sun's  center,  and  in- 
versely as  the  velocity  ;  but,  as  the  velocity  varies  inversely 
as  the  square  root  of  the  distance,  the  density  must  vary  in- 
versely as  the  cube  of  the  square  root  of  the  distance  from 
the  sun's  center. 

In  the  following  table  the  velocities  and  corresponding 
densities  of  a  stream  have  been  computed  for  various  dis- 
tances from  the  sun,  assuming  an  initial  parabolic  velocity. 
The  density  near  the  sun's  surface  is  placed  equal  to  unity. 
The  unit  of  distance  is  the  earth's  mean  distance  from  the  sun. 


Velocitv 

Velocity 

Distance 

in  miles 
per  sec. 

Density 

Distauce 

in  miles 
per  sec. 

Density 

0.00.". 

370 

0.936 

0.10 

82.7 

0.0  loo 

i 

338 

.711' 

.20 

58.5 

.00.",7 

.iiiiT 

313 

.565 

.30 

47. * 

.0020 

.008 

292 

.462 

.40 

41.4 

.0013 

.009 

L'Tf, 

.387 

.50 

37. C 

.0009 

.60 

33. S 

.0(107 

.0  1 

262 

.33 1 

.70 

31.3 

.0006 

.02 

185 

.117 

.80 

29.2 

.000.", 

.03 

151 

.064 

.90 

27.6 

.0004 

.01 

13 1 

.0  11 

.05 

117 

.030 

1.0 

26.2 

.00030 

.06 

107 

.oi'.", 

2.0 

18.5 

.00012 

.07 

99 

.Ol.s 

3.0 

15.1 

006 

.08 

92 

.015 

4.0 

13.1 

.OOool 

.0!' 

87 

.012 

.VO 

11.7 

003 

0.10 

83 

0  010 

10.7 

100-.' 
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The  above  densities  refer  to  streams  Laving  a  parabolic 
velocity  for  which  the  density  becomes  zero  when  the  ins- 
tance is  infinite.  I  find,  however,  that  for  a  certain  limiting 
elliptical  velocity  (limiting  only  because  of  the  sun's  rota- 
tion) the  density  at  first  decreases  with  the  distance,  then  a 
gradual  increase  takes  place  until  the  densest  portion  of  the 
whole  stream  is  at  the  point  where  the  velocity  is  least. 
Additional  evidence,  that  the  coronal  mattci  visible  during 
the  last  eclipse  was  in  rapid  motion,  is  to  lie  found  in  the  ob- 
served  fact  that  the  curved  returning  coronal  streams  shown 
on  my  large  photographs  are  apparently  most  dense  in  the 
higher  regions.  The  same  is  true  of  the  distribution  of  the 
prominence  matter. 

With  the  foregoing  principles  as  a  basis,  I  now  come  to  a 
new  theory  of  comets  which  has  for  its  foundation  only  the 
simple  action  of  purely  mechanical  forces,  and  entirely  inde- 
pendent of  those  occult  forces  —  electricity  and  magnetism. 

As  I  shall  treat  the  subject  from  a  purely  theoretical  stand- 
point, all  the  statements  and  deductions  here  given  refer 
to  a  theoretical  comet  produced  by  the  theoretical  causes 
named. 

1.  A  comet  (theoretical)  is  a  large  meteor  whose  compo- 
sition is  of  such  a  nature  that  certain  (or  all)  of  its  constitu- 
ents are  evaporated  at  comparatively  low  temperatures. 
The  atmosphere  thus  formed  will,  ou  account  of  the  small 
mass,  always  be  most  dense  on  the  side  where  the  evapora- 
tion is  most  rapid.  When  the  evaporation  ceases,  this  at- 
mosphere will  tend  to  arrange  itself  symmetrically  with 
reference  to  the  nucleus  so  long  as  no  other  material  bodies 
come  into  contact  with  it.  Tidal  effects  will  always  have  a 
tendency  to  cause  greater  or  less  dissymmetry  of  form. 

"2.  An  increase  of  temperature  brought  about  both  by  a 
diminishing  distance  from  the  sun  and  by  collisions  with 
minute  material  particles  in  space  will  be  accompanied  by  a 
corresponding  increase  in  the  mass  of  the  surrounding  at- 
mosphere due  both  to  a  more  rapid  evaporation  from  the 
nucleus,  and  to  a  temporary  or  permauent  capture  of  the 
colliding  particles. 

3.  The  attraction  which  the  nucleus  exerts  upon  its  at- 
mosphere is  so  extremely  small  that  each  of  the  more  dis- 
tant particles  of  this  atmosphere  can  be  considered  as 
describing  an  independent  orbit,  the  mean  of  the  separate 
orbits  thus  described  practically  coinciding  with  that  of  the 
nucleus.  When  the  meteorite  is  very  near  the  sun  the  evap- 
oration on  the  sun  side  of  the  nucleus  will  be  very  rapid, 
which  combined  with  tidal  influences  may  result  in  the  rup- 
ture of  the  nucleus. 

4.  The  tail  of  a  comet  (theoretical)  is  produced  both  by 
the  visible  particles  of  matter  originally  forming  the  comet's 
atmosphere,  and  by  the  previously  invisible  particles  of  a 
coronal  stream  which  moving  with  great  velocity  finally  pro- 
duce by  repeated  impact  of  the  successive  particles  almost 
the  same  motions  in  the  visible  atmosphere  of  the  comet  as 
would  be  communicated  by  a  conlinuouslv  accelerating  force 


directed  away  from  the  sun.  The  actions  on  the  particles 
of  the  stream  result  in  a  diminution  of  the  velocity  of  the 
mine  advanced  portions  which  now  become  visible  through 
a  consequent  increase  of  density.  A  peculiarity  of  this  me- 
chanical accelerating  force  is  that  it  becomes  zero  when  the 
particle  repeatedly  struck  by  a  succession  of  other  particles 
finally  attains  the  same  Unite  velocity  as  the  stream  of  strik- 
ing bodies. 

5.  As  all  the  particles  of  a  given  coronal  stream  have  the 
same  velocity,  the  momentum  of  the  heavier  sets  of  particles 
will  be  greater  than  the  momentum  of  those  having  less 
mass.  Let  int.  /».,.  m...  ....  mn  denote  the  masses  of  dif- 
ferent particles  of  the  stream  which  strike  the  comet's  at- 
mosphere :  the  total  momentum  at  a  given  instant  will  be 

v- ±'m  =  vi2!m1  +v"  Zm2  +  .  .  .  .  viJSm„ 
A  particle  whose  mass  is  ?«j  will  penetrate  the  atmosphere 
to  a  distance  st  before  being  brought  to  a  state  of  rest  rela- 
tively to  the  nucleus.      Similarly  the  particles  whose  masses 
are     v*/L,,  ms  ....  mn     will  penetrate  the  atmosphere  to  the 

respective  distances  s.,,  s8 s„.     The  resulting  strata  of 

increased  density  of  the  comet's  atmosphere  will  evidently 
be  uearly  concentric,  the  distances  between  any  two  strata 
/and  t  being  (sf—st). 

These  strata  of  increased  density  will  in  projection  be 
made  manifest  in  the  form  of  luminous,  nearly  concentric, 
arcs  whose  greatest  brilliancy  will,  in  general,  lie  near  the 
most  advanced  part  of  each  stratum,  and  gradually  diminish 
in  brightness  as  they  curve  away  to  form  the  comet's  tail. 

6.  The  coronal  matter,  owing  to  its  retardation,  grows 
so  dense  that  it  also  becomes  visible,  and  with  the  comet's 
atmosphere  is  finally  driven  into  the  tail  by  the  repeated 
bombardment  of  unretarded  following  portions  of  the  stream. 

It  is  evident  that  the  resulting  velocity  of  different  parts 
of  the  comet's  tail  will  depeud  both  upon  the  mass  of  each 
individual  striking  particle,  and  upon  the  mass  of  the  particle 
struck.  In  general,  the  coronal  particles  which  have  the 
greatest  mass  will  after  collision  give  the  greatest  velocity, 
which  (like  the  remaining  masses)  is  gradually  accelerated 
as  above  described  until  the  speed  again  becomes  so  great 
that  no  sensible  illumination  results  from  the  scattered  par- 
ticles. The  nucleus  and  inner  portions  of  the  atmosphere, 
being  the  most  dense,  block  the  passage  of  the  particles  so 
that  the  axis  of  the  tail  will  usually  have  less  matter  than 
the  space  at  some  distance  from  the  axis. 

To  keep  this  note  within  proper  bounds,  further  general 
considerations  must  be  published  in  another  form.  A  sim- 
ple inspection  of  the  figures  given  in  the  preceding  table 
will  at  once  show  how  greatly  the  factor  depending  upon  the 
distance  from  the  sun  influences  the  form  of  a  comet  in 
general. 

The  severest  test  of  any  given  theory  is  its  ability  to  ac- 
count for  abnormal  deviations  from  a  typical  form.  Some 
of  the  most  remarkable  will  be  briefly  considered. 

Many  coronal  streams  issue  from  the  sun  at  considerable 
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angles  with  the  normals  ;  in  space,  therefore,  different  streams 
will  cross  each  other  without  sensibly  interfering  with  each 
other's  motions.  The  atmosphere  of  a  comet,  however,  when 
placed  at  such  a  crossing,  will  evidently  produce  as  many 
different  tails  to  the  nucleus  as  there  are  crossing  streams: 
the  angles  between  the  tails  being  a  function  of  the  velocities 
of  motion  and  the  inclinations  <>f  the  streams. 

There  are  several  cases  on  record  of  comets  having  a  tail 
turned  toward  the  sun  in  addition  to  the  usual  appendage. 
I  have  examined  every  case  known  to  me.  and  find  that  in- 
variably at  the  time  this  phenomenon  was  observed  the 
comet  was  receding  from  the  sun  with  great  velocity.  A 
coronal  stream,  having  a  less  velocity  than  that  of  the  receding 
comet,  will  under  these  circumstances  canst'  just  such  a  phe- 
nomenon the  moment  the  comet  enters  the  stream.  Evidently 
the  main  tail  will  in  no  way  he  sensibly  affected,  since  the 
tenuity  of  the  two  coronal  streams  (one  moving  with  greater 
velocity  than  the  comet,  and  the  other  with  less  velocity) 
is  so  great  that  no  sensible  interdisturbance  takes  place. 

Owing  to  the  orbital  motion  of  the  comet  different  tails 
will  result  when  the  velocities  in  the  tail  (as  a  whole)  at  a 
given  distance  from  the  nucleus  are  hugely  and  abruptly 
different.  The  curvature  will  be  greatest  for  the  tail  which 
has  the  least  velocity.  If  a  gradual  variation  in  the  velocity 
results,  a  gradually  broadening  tail  (in  general  more  curved 
in  projection  on  one  side  than  on  the  other)  will  result. 

Rapid  variations  in  the  form  ami  brightness  of  the  comet 
will  result  from  the  lateral  orbital  motion  of  the  comet  with 
respect  to  the  stream,  often  passing  from  one  stream  into 
another.  A  comet  loses  its  tail  if  for  a  considerable  time  it 
[Kisses  from  a  stream  of  greater  (orless)  velocity,  into  space 

Lick  Observatory,  1893  October  14. 


sensibly  devoid  of  coronal  matter,  or  into  a  stream  having 
the  same  velocity  and  direction  of  motion. 

When  the  velocity  of  the  particles  in  the  more  distant 
portions  of  the  tail  is  much  less  than  that  of  the  streams  the 
deviation  of  the  axis  of  the  tail  from  the  produced  radius 
vector  of  the  nucleus  will  become  so  great  that  fresh  and 
un retarded  streams  can  plough  their  way  through  (across) 
these  more  distant  parts  of  the  tail,  which  may  result  in  a 
visible  phenomenon  of  a  striated  or  columnar  structure  (as 
actually  observed  by  Bond  and  others,  in  Donah's  comet)  : 
the  axis  of  each  column  being  roughly  parallel  to  the 
direction  of  these  coronal  streams. 

Sudden  and  sharply  abrupt  chauges  in  the  direction  "f  :i 
comet's  tail  at  great  distances  from  the  nucleus  will  be 
caused  whenever  the  tail  enters  another  coronal  stream 
whose  direction  of  motion  is  considerably  inclined  to  the 
stream  passing  through  the  comet's  nucleus. 

A  natural  consequence  of  such  motions  of  coronal  matter 
is  to  deprive  all  bodies,  of  very  small  mass,  of  any  non- 
growing  atmosphere  they  may  have;  and  also  to  lix  the 
limit  of  distance  beyond  which  a  body  of  great  mass  cannot 
retain  its  atmosphere.  In  this  connection  I  would  again 
call  attention  to  the  fact  that  the  phenomenon  of  the  "Ge- 
genschein "  can  be  quite  satisfactorily  explained  on  this 
hypothesis,  and  that  the  results  following  from  the  capture 
of  coronal  particles  by  our  own  atmosphere  leads  to  a 
plausible  explanation  of  the  aurora.  [See  Dec.  ISS'.i  Eclipse 
Report,  Lick  Observatory.] 

This  paper,  as  indicated  by  the  title,  is  but  a  preliminary 
note  ou  a  theory  which  will  be  more  completely  discussed 
in  the  forthcoming  •' Report  onthe  Eclipse  of  Apr.  1G,  1893." 


A   NEAV    METHOD   OF   FINDING  THE   PLACE   OF   A   SHIP   AT   SEA. 

By  JOHN  X.  STOCKWELL. 


1.  The  place  of  a  ship  at  sea  may  very  easily  be  found 
by  means  of  the  altitudes  or  zenith  distances  of  a  pair  of 
stars,  at  a  given  Greenwich  time.  In  order  to  show  this, 
we  shall  consider  the  spherical  triangles  whose  vertices  are 
at  the  north  pole  of  the  heavens,  and  at  the  two  stars  ;  and 
also  at  the  zenith  and  stars.  It  is  evident  that  the  part  of 
the  great  circle  included  between  the  two  stars  is  the  third 
side  of  the  two  triangles  already  mentioned.  If.  then,  by 
means  of  the  almanac  places  of  the  two  stars,  we  compute 
the  two  angles  and  third  side,  which  side  will  be  the  great 
circle  distance  between  the  pair  of  stars  :  we  may  then  com- 
pute the  spherical  triangle,  two  of  whose  sides  are  the 
measured  zenith  distances,  and  the  third  side  of  which  is 


the  computed  distance  between  the  stars.  We  may  then 
form  two  other  spherical  triangles  whose  vertices  are  at  the 
north  pole  of  the  heavens,  at  the  zenith,  and  at  the  two  stars. 
Each  of  these  triangles  will  have  two  sides,  and  the  included 
angle  known  ;  and  the  third  side  will  be  common  to  both 
triangles,  and  be  equal  to  the  complement  of  the  ship's  lati- 
tude. The  angles  at  the  pole  will  then  be  the  longitude  of 
the  ship  measured  from  the  meridians  passing  through  the 
two  stars  :  the  positions  of  which  can  be  found  by  means  of 
the  Greenwich  time  of  the  observations. 

•_'.  We  shall  now  designate  by  a,  d,  a' d' ;  the  right- 
ascension  and  declination  of  the  two  stars,  and  by  C  the  dis- 
tance  between   them.     The  angles  which  the  side  c   makes 


*See  Bode's  Jahrbuch  1812:  Gauss  pp.  129-143,  Calkoen  p.  175.  - 
pp.  134-140;  XXI,  Dki.ambre,  p.  435.  —  Chauvenet I,  pp.  258-262.—  G. 
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with  the  declination  circles  passing  through  the  stars  being 
denoted  by  -land  B :  we  may  determine  A,  B  and  c,  by 
the  formulas, 


(l) 

(2) 
(3) 


(sine  sin _1  =  cos  fi  sin  (a' — u) 

i  sinecos.4  =  sin  A  cos  8' — coso"  sin  8'  cos(«' — «) 

(  sine  sin  B  =  cos  3' sin  (a' — «) 

i  sine  cosB  =  cos  A  sine*' — sin  8  cos  8'  cos(«' — a) 

cose  =  sin  d'  sin  8'  +  cosd'  cos  8'  cos(a' — a) 


Equations  (1)  and  (2)  determine  A,  B  and  sine;  but 
since  the  s:une  sine  corresponds  to  an  angle,  and  also  to  its 
supplement,  the  value  of  c  thus  determined  becomes  am- 
biguous; the  ambiguity  can,  however,  be  avoided  by  using 
equation  (3)  for  the  determination  of  e.  We  may  now  re- 
gard A,  B,  and  c  as  known  quantities. 

Now  if  ■  denotes  the  zenith-distance  of  the  star  «,  8  ;  and 
;'  that  of  a'  8';  and  A'.  B'.  denote  the  angles  which  the 
side  c  makes  with  the  vertical  circles  passing  through  the 
two  stars;  we  may  find  A'  and  B'by  means  of  the  equa- 
tions : 


(4) 


(5) 


COS(    ±A') 


cos(±B')  — 


COS  2  —  COS  2  COS  C 

sin 2'  sine 


cos 2 —  cos 2  cose 
sin 2  sine 


The  upper  signs  in  these  equations  are  to  be  used  when 
the  pole  and  zenith  are  on  the  same  side  of  the  great  circle 
passing  through  the  stars  ;  and  the  lower  signs  when  they  are 
on  opposite  sides  of  that  circle. 

If  we  now  denote  the  longitude  and  latitude  of  the  ob- 
server hy  ).  and  4> ;  and  the  longitudes  of  the  meridians  pass- 
ing through  the  stars,  by  h  and  It',  we  shall  have  these  four 
equations  for  the  determination  of  ).  and  </> : 

(6)  sin  </>  =  cos 2  sin  8  +  s  in  2  cos  8  con(B' — B) 

(7)  siii(|)  =  cos 2'  sin  8'  +  sin 2'  coscV  cos(..4 — A') 

(8)  sin(i-r/i)  =  sinz  seccf>  sin(B'— B) 

(9)  sin(?. — h')  =  sin2r  sec$  sin(-4 — -1') 

We  shall  also  have  the  following  equation  of  condition 
which  the  values  of  h  and  /*',  derived  from  equations  (8) 
and  (9)  must  satisfy  if  the  computations  have  been  cor- 
rectly made 

(10)  h—h'  =  a'— a 

8.  The  whole  theory  of  this  method  of  finding  a  ship's 
place  at  sea  is  contained  in  the  ten  equations  of  the  preced- 
ing article.  We  sec  there  are  two  solutions  of  the  problem 
corresponding  to  the  same  zenith-distances  of  the  two  stars  ; 
but  the  correct  solution  can  generally  be  determined  by  the 
observers  noting  whether  the  pole  and  zenith  are  on  the 
same  side,  or  on  opposite  sides  of  the  great  circle  passing 


through  the  stars.      If  the  zenith   is  in   that   great  circle,  we 
shall  evidently  have 

z  ±  z'  =  c 

the  upper  sign  taking  place  when   the   zenith  is   between  the 
two  stars.      In  this  case  we  shall  evidently  have 


A' 


11.   and    />"  =  0 


In  the  other  case,  or  when  c  =  2  —  2'  if  2'  is  less  than  2 
we  shall  have  A!  =  180°  and  B'  =  0°  but  if  2'  is  greater 
than  z  we  shall  have  A'  =  0  and  B '  —  180°.  In  all  of 
these  various  cases,  however,  there  is  only  one  solution. 

4.  It  is  evident  that  the  same  method  may  be  used  for 
finding  the  place  of  an  observer  on  land  as  well  as  at  sea  : 
and  we  shall  illustrate  it  by  the  computation  of  an  example 
from  observations  of  the  simultaneous  zenith-distances  of 
the  stars  Arcturus  and  Antares,  made  at  this  place  on  the 
evening  of  Sept.  14,  1893.  At  the  assumed  Greenwich 
time  Sept.  11,  12"  '26'"  37s. 5.  the  apparent  zenith-distances, 
when  corrected  for  refraction,  were  found  to  lie 

2  =  59°  40'  32".22,       2'  =  74°  27'  7". 07. 
At  the  same  time  the  apparent  places  of  the  stars  were 


Arcturus     a  =  212  41   54. t>, 
Antares     a'  =  245  43     6.6, 


8  =    +1!)  44   17.it, 
(V  =  —26   11   53.0. 


Equations  (1).  (2)  and  (3)  will  now  give 

.4  =  38°  12'  53".42,  B  =  143°  51'  48". 20. 

c  =  56°  0'  36". 80. 

With  this  value  of  c  and  the  above  values  of  2  and  z', 
equations  (4)  and  (5)  will  give 

A1  =    ±63°  36'  36". 80,       B'  =   ±91°  8'   16". 43. 

But  since  the  zenith  and  pole  were  on  the  same  side  of 
the  great  circle  c,  we  must  use  the  upper  signs  of  A'  and  B\ 
and  we  shall  find 

A— A'  =  —25°  23'  43".38,       B'—B  =  —53°  43'  31".77. 
Then  equation  (6)  gives 
sin  </>  =  +0.7809079—0.1183358  =  -r0. 6625721  ; 

and  equation  (7)  gives 

sin  4>  =   +0.4920565  +  0.1705156  =   +0.6625721. 

Therefore  <J>  =  +41°  29'  46".". 

Using  this  value  of  (/>,  equations  (8)  and  (il)  will  give 

l—h  =  —66°  29'  55".5;         X— h'  =  —33°  28'  43". 7. 

Therefore  A— h'  =  33°  1'  12".0  =  a'— a. 

Now  the  assumed  Greenwich  time  of  observation, 
12h  26'"  37*.o,  corresponds  to  a  sidereal  interval  of  1  2h  28"' 
40M5,  to  which  add  the  sidereal  time  of  noon  Sept.  14, 
11"  34"'  44s.70.       The    sum    is  24"    3'"    24'.85  =  360°   51' 
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12". 75.     From  this  subtract  the  right-ascension  of  the  stars. 
and  we  have 

h  =   148°  9'  18".lo,         h'  =   115°  8'  6".lo. 

Therefore  we  obtain  for  the  longitude  and  latitude  of  the 
place  of  observation 

A=81°39'22".65  =  5h  26'"  37s,5  ;  and  <f>  =  +  41°  29'  46".7. 

5.  If  we  now  use  the  lower  signs  in  the  values  of  A'  and 
/>''.  we  shall  lind  the  coordinates  of  the  second  place  of  ob- 
servation.    They  give 

A— A'  =  101°  49'  30".2,  B'-B  =  —23.")°  0'  4". 63  ; 
and  then  equations  (6  and  7)  will  give 

si„  0  =  —0.4659954+0.1705154  =  —0.2954800; 
sin  (|>  =  —0.1771443—0.1183358  =  —0.2954801. 

Therefore  </>  =  —17°  11'  10". 8  ;  and  equations  (8)  and 
(9)  now  give  /.— h  =  47°  44'  34". 5,  l—h'  =  80°  4;V  46".5. 
Hence  we  get  ).  =  195°  53'  52". 6. 

Therefore  the  second  point  on  the  earth's  surface  where 
the  star's  Arcturus  and  Antares  would   have   the  same  rela- 


tive distances  from  the  zenith,  as  at  Cleveland,  at  the  same 
instant  of  absolute  time,  is  situated  in  the  Pacific  ocean, 
about  200  miles  to  the  westward  of  the  New  Hebrides 
Islands. 

6.  The  formulas  already  given  are  sufficient  for  the  as- 
tronomer to  determine  his  own  longitude  and  latitude  on 
land  ;  but  for  nautical  purposes,  tables  may  be  easily  pre- 
pared so  as  greatly  to  facilitate  the  application  of  the 
method  in  finding  a  ship's  place  at  sea.  Any  two  stars 
whose  places  are  accurately  known,  are  sufficient  to  deter- 
mine the  coordinates  of  the  observer ;  but  for  the  purposes 
of  navigation,  it  seems  best  to  select  a  few  of  the  brightest 
stars  and  connect  them  by  a  system  of  triangulation.  so  that 
they  may  be  conveniently  observed  in  pairs,  and  properly 
distributed  throughout  the  sky.  And  for  the  purpose  of 
bringing  the  method  to  the  notice  of  navigators,  I  have  pre- 
pared a  little  list  of  twelve  stars,  as  follows  : 

a  Andromedae,  c  Tauri,  §  Orionis,  a  Cam's  Majoris,  a  <  'anis 
Milton's,  (i  Leonis,  a  Virginia,  «  Bootis,  u  Scorpii,  <>.  Lyme, 
u  Aquilae,  and  «  Piscis  Austrini.  The  mean  places  of  these 
stars  for  the  beginning  of  1893,  are  as  follows  : 

This  I  designate  as 


Table 

I. 

Star's 

Name 

.a. 

8 

sin  8 

cos  8 

a  Andromedae 

it       in        a 

0     2  51.4 

+  28^ 

29 

59 

9.67866 

9.94390 

ic  Tauri 

(Aldebaran) 

4   29   46.8 

+  16 

17 

37 

!t.44803 

9.98220 

p  Orionis 

(Rigel) 

5     9   23.7 

—  8 

19 

32 

9.16077n 

9.99540 

ic  Canis  Majoris 

( Sirius) 

6  40   26.0 

—  16 

34 

11 

9.45512n 

9.98158 

«  Canis  Minoris 

( Procyon) 

7  33  42.1 

+    5 

29 

56 

8.98148 

9.99800 

a  Leonis 

(Requlus) 

10     2   40.4 

+  12 

29 

21 

9.33499 

9.98960 

n   Virginia 

( Spica) 

13   19   33.3 

—  10 

36 

10 

9.264S-.'- 

9.99252 

a  Bootis 

(  Arcturus) 

14    10  46.8 

+  19 

44 

22 

9.52859 

9.97370 

a  Scorpii 

(Antares) 

16  22  50.8 

—26 

1  1 

39 

9.64485ra 

9.93294 

a  Lyrae 

(  Vega  ) 

18  33   19.0 

+  38 

41 

3 

9.79590 

9.89213 

u  Aquilae 

(Altair) 

19  45  33.8 

+   8 

35 

9 

'.».  17404 

9.99511 

a  Piscis  Austrini 

(Fomalhaut) 

22  51    14.3 

—30 

11 

21 

9.70145n 

9.93670 

These  stars  I  have  combined  in  pairs,  each  with  the  star  immediately  below  ;  and  have  computed  the  corresponding 
values  of  .1,  B  and  c.  as  in  the  following 


1'abi.k   11. 

Names  of  stars 

A 

B 

c 

sill   (' 

cose 

(C  Andromedae 

(Aldebaran) 

C 

65 

t      it 
55  58 

85° 44   35 

62     9 

II 

13 

9.94655 

9.66941 

(Aldebaran) 

(  Rigel ) 

21 

42  55 

157  34  43 

26  29 

56 

9.69451 

9.95189 

(Riqel) 

( Sirius) 

72 

21      1 

112  34   48 

23  40 

37 

9.60377 

9.96181 

( Sirius) 

(  Prncunn 

11  !l 

23  45 

31   55     7 

25  4  1 

58 

9.62714 

9.95476 

( Proa/on) 

(  Requtus) 

97 

21   37 

76  35  51 

37  24 

12 

H.78349 

9.90003 

(Regutus) 

(Spica) 

65 

n  i     5 

113     9  59 

5  4      3 

17 

9.90826 

9.76865 

( Spica) 

(  Arcturus) 

156 

19  29 

22  36  51 

32  51 

:',2 

:'.7.",446 

9.92428 

(Arcturus) 

( .In/ares) 

38 

12   41 

143  51    51 

56     0 

22 

9.91861 

9. 74  74 'J 

( Antares) 

(  Vega) 

149 

22   22 

26   18  28 

71    41 

4  2 

9.97745 

9.49703 

(  Vega) 

(Altair) 

25 

30  28 

146  56  32 

:;  i   1 1 

11 

!l.74!»74 

9.91757 

(Altair) 

(Fomalhaut ) 

56 

43  30 

133     2  34 

59     9 

3 

9.93375 

9.70993 

(Fomalhaut) 

t>.  Andromedae 

162 

■J  7     6 

17  51     6 

56  40 

17 

9.94221 

9.73982 
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If  such  tables  as  the  above  were  prepared  from  the  appar- 
ent places  of  the  stars  at  the  middle  of  each  month,  and 
published  in  the  Nautical  Almanac,  they  would  afford  all 
ueedful  facilities  for  the  practical  application  of  this  method 
by  mariners  al  sea. 

7.  We  have  seen  iii  the  example  already  computed,  that 
formulas  (6)  and  (7)  give  the  same  value  for  sin  </> ;  and 
that  (^)  and  (9)  give  the  same  value  fori;  it  is  therefore 
unnecessary  to  employ  duplicate  formulas  fur  these  quanti- 


Tab.  II 


Tab.    1 


Tab.  Ii 


(1  +  2)   =   +  0.52500 
cos«'  ==  +0.80489 


(8—7)   =  +0.27989 
(5  +  6) 

(9-10)   B'  —   ±   49 

Tab.  II    B    =        146    56    32 


(1) 

J  (3) 
\  (4) 

(•">) 
(6) 

(7) 
(8) 

(9) 
(10) 

52'  20" 


Therefore 


I  =  h  —54°  6'  33" 
=  3"  53"'  218.8 


cos  c 

9.111757 

eosz 

9.. SO  259 

sin  8 

9.79591) 

cos  A 

9.89243 

sin  z 

9.88803 

sin  c 

9.74974 

log 

9.72016 

log- 

9.90574 

log 

9.44699 

log 

9  63777 

COS        9.80922 


=    +58°  20'  27" 


ties.  We  shall  therefore  in  what  follows  only  make  use  of 
equations  (5),  (6)  and  (8)  in  the  application  of  the  method 
to  practical  examples,  for  the  purpose  of  illustration. 

We  shall  now  suppose  that  we  have  the  following  zenith- 
distances  qf  the  stars  Vega  and  Altai  r,  made  l.S'.l.'i  Sept.  14 
at  II1'  26'"  mean  time  at  Greenwich  ;  namely.  2  =  50°  36', 
and  z'  ■=  36°  24';  the  zenith  and  pole  being  on  the  same 
side  of  the  great  circle  c.  The  computation  may  be  con- 
veniently arranged  as  follows  : 

B'  —  B       =  —97°  4'  12" 
(4  +  5) 

(11  +  12)   =  —0.07424 
(2  f-3)       =   +0.39673 

sin  (|) 


(11) 
(12) 

(13) 
(14) 


cos  9.09019» 

log  9.78046 

log  8.87065n 

]o£  9.59849 


+  0.32219 

=   +18°  48' 50" 
B'—B 

z 

).  —  h=  —54"  6' 33" 


log 


9.50852 


(3) 


Sept.  14.     Sid.  time  at  noon 

Mean  time  of  observation 
Acceleration  of  sid.  time 


sec     0.02384 
sin     9.99669n 

sin     9.88803 

sin     9.90856n 

li         111         a 

11  34  44.7 

11  26     0.0 

2  22.3 


Sid.  time  of  obs. 

Star's  right-ascension 

h  =  fi  —  a  =  7"  29'"  48". 0  =1  112°27'0".0 


h       111       s 

^ 

= 

26    3 

7.0 

a 

= 

18  33 

19.0 

The  local  mean  time  of  observation  was  141'  26'"  0s. 0 
— 3"  53"'  21s.8  or  10"  32'"  3S\2  ;  and  the  place  of  observa- 
tion was  in  longitude  58°  20'  27"  west  of  Greenwich,  and  in 
latitude  18°  48'  50"  north. 

The  second  place  at  which  the  two  stars  were  similarly 
situated  at  the  same  time  can  be  found  by  means  of  a  very 
little  additional  computation.  For  we  have  B' — B  = 
—  196°  48'  53";  and  then  sin  <j>  =  —0.57740  +  0.39673  = 
—0.18067.  Therefore  (J>  =  —10°  24'  33",  and  l—h  = 
+  13°  8'  15",  or  I  =  +125°  35'  15"  =  8"  22"'  2P.0  ;  and  the 
local  mean  time  would  be  61'  3'"  39s. 0  ;  or  about  ten  minutes 
after  sunset.  . 

8.  The  method  here  explained  is  entirely  rigorous  ;  and 
by  it  the  latitude  is  determined  with  the  same  degree  of 
precision  as  exists  in  the  star  places  employed.  The  same 
thing  may  be  said  in  regard  to  the  longitude  and  local  mean 
time,  as  referred  to  the  meridian  on  which  the  star  is  situa- 
ted at  the  time  of  the  observations.  The  only  source  of 
error  is  that  arising  from  the  imperfection  of  the  chronome- 
ter ;  but  such  errors  are  so  small  that  they  may  safely  be 
disregarded  in  voyages  of  several  weeks'  duration.  But 
that  source  of  error  is  inherent  in  the  problem  itself,  and 
can  best  be  partially  rectified  by  the  use  of  lunar  distances. 
The  necessary  computations  are  short  and  easily  made ; 
not  more  that  half  an  hour  being  required  in  order  to  com- 
pletely determine  the  latitude,  longitude  and  local  time  of 

Cleveland,  Ohio,  1893  September  23. 


the  place  of  observation.  Besides,  no  previous  approximate 
knowledge  in  regard  to  the  place  of  the  ship  is  required,  as 
in  the  usual  methods  of  finding  the  place  of  a  ship  at  sea. 
The  list  of  stars  to  be  employed  may  be  indefinitely  ex- 
tended ;  any  two  of  which,  when  properly  observed,  are 
equally  serviceable  for  the  purpose  intended.  The  most 
delicate  and  difficult  part  of  the  calculations  may  be  made 
by  skilled  computers  and  published  in  the  Nautical  Ephem- 
erides  for  the  benefit  of  navigators.  The  writer  has  already 
nearly  completed  the  necessary  computations  for  a  list  of 
thirty-two  stars,  giving  somewhat  more  than  a  thousand 
combinations,  and  including  all  the  stars  of  the  first  magni- 
tude, and  many  of  the  second.  By  means  of  such  an. ex- 
tended list  of  nautical  stars,  the  navigator  would  have 
greater  freedom  of  choice,  and  be  enabled  to  select  such 
pairs  of  stars  as  might  be  most  conveniently  situated  for 
observation.  It  is  therefore  believed  that  the  general 
adoption  of  this  method  by  the  commercial  nations  of  the 
world  would  afford  especial  advantages  to  the  navigator, 
and  enable  him  to  determine  his  place  at  sea  with  far  greater 
precision  than  has  heretofore  been  possible. 

This  method  of  using  two  stars  for  the  determination  of 
the  latitude  and  the  local  time,  when  the  longitude  of  the  ob- 
server was  given,  has  long  been  known  ;  but  the  writer  is 
not  aware  it  has  ever  been  applied  to  nautical  purposes,  for 
which  it  is  apparently  so  well  adapted. 
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TUB   CONSTANT   OF   ABERRATION  AS  DETERMINED    FROM   LATITUDE- 
OBSERVATIONS  AT  WAIKIKI. 

By  E.   D.   PRESTON. 


The  latitude-observations  made  last  year  at  Waikiki, 
Hawaiian  Islands,  on  the  part  of  the  U.S.  Coast  and  Geo- 
detic Survey,  the  results  of  which  recently  appeared  in 
Bulletin  No.  -7.  have,  by  permission  of  Superintendent 
Mendenhall,  been  rediscussed  at  the  Washington  Office,  to 
determine  the  constant  of  aberration. 

The  method  of  dealing-  with  these  observations  in  a  way 
to  bring  out  in  one  system  of  equations  both  the  variations 
of  latitude  and  a  correction  to  the  constant  of  aberration 
was  indicated,  by  Professor  Newcohb,  at  whose  suggestion 
the  discussion  was  undertaken. 

The  work  involved  the  formation  of  a  conditional  equa- 
tion for  each  individual  latitude  observed,  giving  for  the 
entire  series  2370  equations.     These  were  treated  in  blocks 


which  considerably  diminished    the    labor   of   forming 
normal  equations.     The  period  assumed  for  the  revolution 
of  the  earth's  axis  of  rotation  about  the  axis  of  figure  was 
386  days,  which  comprises  exactly  the  time  dining  which 
the  observations  were  continued. 

The  result  is  that  the  empirical  formula  for  the  periodic 
change  of  latitude  agrees  closely  with  that  in  Bulletin  No. 
27.  which  was  deduced  by  the  German  method,  and  that 
the  value  of  the  aberration-constant  is  decreased  from 
Struve's  value  of  20".44o  to  20".433.  The  probable  error 
of  this  determination  was  0".034. 

A  Bulletin  on  tin-  subject  is  now  in  course  of  publication 
by  the  Survey. 


PHOTOGRAPH  OF  BROOKS'S  NFW  COMET  (c  1893), 

By  E.  E.  BARNARD. 


Though  this  comet  was  very  low  and  mixed  up  with  the 
northern  part  of  the  zodiacal  light,  I  decided  to  hazard  an 
es  posureon  it  this  morning  with  the  Willard  6-in.  portrait  lens. 

This  exposure  was  from  4b  34'"  a.m.,  the  comet  being  fol- 
lowed witli  the  guiding  telescope. 

The  picture,  although  the  exposure  was  short,  and  the 
comet  very  poorly  placed,  is  a  very  successful  one.  and  shows 
this  object  to  possess  characteristic  features  similar  to  those 
shown  in  the  photographs  made  here  of  Swift's  comet 
L892I. 

.1//.   Hamilton,  1893  Oct.  19. 


The  plate  shows  the  tail  to  a  distance  of  3A°.  This  tail 
irregularly  divides  into  two  slightly  divergent  branches. 
There  are  two  narrow  straight  rays  springing  out  from  the 
head  on  opposite  sides  and  nearly  symmetrical  with  the 
main  tail.  The  north  ray,  which  seems  to  leave  the  regim 
of  the  nucleus,  is  inclined  to  the  body  of  the  cornet  by  about 
45°  ;  the  southern,  which  leaves  the  comet  10'  or  15'  back  of 
the  head,  is  inclined  about  30°.  They  are  both  about  '. 
long.  There  are  faint  evidences  of  several  other  rays  from 
the  southern  side  of  the  comet. 


OBSERVATIONS   OF   COMET  c  1893  {bbooks), 

MADE    WITH    FILAR   MICROMETER  OF    12-IXCH   EQUATORIAL   of   THE    LICK    OBSERVATORY, 


1893  Mt. Hamilton  M.T. 

* 

No. 

Comp. 

By  E.   E.   BARXARI). 
#-*                    | 

Ja        |         JS 

o-  "s  apparent 
a                         8 

log  p\ 

for  a       l     ford 

h             111          S 

(let.   17      It!   45   27 
16  55   21 

1 

1 

3 

3 

—  o   1  1.02          .    .    . 
...             —1    22.2 

i            i»       I 

1-j  23  9.54 

O              .                  tl 

+  13  39   17.1 

n9.681   j    .    .    . 
...     1  0.702 

3[Pun   Places  for  1893.0  of  Comparison- Stars. 


a 


Red.  to 
app.  place 


Red.  to 
app.  place 


Authority 


1)  111  S  9 

12  23   22.60     !       *  it. :ui  +13   40   48.0 

Ja  measured  direct  with  micrometer.         Comet  bright,  with  nucleus  and  tail. 


W.B.   12°355 


M    CATHOLIC   UNIVERSITY,  WASHINGTON,  D.C., 

l'.v   Rev.  GEO.  M.   SEARLE. 
1893  Oct.  23     22h  20"'  23s  Greenw.  M.T.         App.  a  =  12"  31'"  2  .  i         App.  8  =  +17°  ! 

Derived  from  comparison  with  F.  25  Comae,  the  position  of  which.     M.  Eq.  1893.0     12"  31'"  30  .13      +17°  40'   I  i"  7. 
was  kindly  furnished  by  Father  Hedkick.     The  comet  is  very  faint  in  the  strong  moonlight. 
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OBSERVATIONS  OF   COMET  c  L893, 

MADE    \l     Mil:    CINCINNATI    OBSERVATORY, 

By  .].  G.   PORTER. 


1890  Cincinnati  M.T. 

* 

No. 
Comp. 

#- 

-* 

&/'*  apparent 
a                         § 

log 

forn 

PA 

fori) 

Oct.  is     ii;.ys";;ii 
19    it;  i.".  io 

21      16  53   19 
23     16  48  30 

1 
2 
1 
5 

10  ,   10 

7  .  7 
12.1  2 

til         s 

—2  39.65 

—  1      4.1.". 

—  1   52.99 
—0  32.62 

+  4    11.6 

—  1    5-1.7 
+  0   2!l.o 
—4  .M.:; 

h           in        i 

12    2  1    20.  17 
12   25   37.46 
12  28   17,'r.i 
12  31     3.78 

+  14    14   34.9 
+  14   53  35.9 
+  16   13  5  1.7 
+  17  35  39.8 

»l9.  672 
H9.675 

»:i. 675 
»:>.678 

0.715 
0.719 
0.707 
0.702 

Mean  Places  for  1803.0  of  Co 

mparison- Stars. 

Ked.  io                        ^ 
%■                          a                      app.  plan-                        O 

Kril.    tO 

app.  place 

Authority 

1 
■_> 

3 

4 
5 

ii      in 
12  26  59.16 
12  26  40.63 
12  31   39.04 
12  30     9.99 
12  31   36.39 

+  0*.96 
+0.98 

+  0.99 
+  1.01 

O            /            It 

+  14   10  32.3 
+  14   55  39.9 
+  14   .".o  29.4 
+  16   13  35.6 

+  17  40  44.6 

—  9.0 

—  9.3 

—  9.9 

—  10.5 

B.B.  VI,  14°2.".l:i 

Equat.  comparison  with  ^3 

W.isse-Bessel(l)  XII.  633 

Wcisse-Bessel  (2)  XII.  605-7.  Runik.  4036 

Pulk.  1899  ;Glas.  3216  ;  10-Yr.l970(-25Comae) 

ELEMENTS  AND   EPHEMERIS   OF   COMET  c  1893  (biwoks), 


By  J.  G.  PORTER 
I  Lave  just  finished  the  following  ephemeris  of  Comet  c, 
based  on  elements  from  my  own  observations,  sent  you  yes-      Nov. 
fcerday. 

T  =   1893  Sept.  20.552  Berlin  M.T. 
8  =  175°  19'.3) 
i  =  130    13.  7  ,<-M. 
w  —  350    40.  2  ) 
log  q  =  9.91968 

Ephemeris  for  Berlin  Midnight. 

a  8  log  A 


Eq.  1893.0 


Oct.  26.5  12   34  41  +19  23.0 

30.5         12  40  52         +22   19.8 
Cincinnati,  October  27. 


0.2111 

0.1989 


lo<:  r 

0.0265 
0.0445 


o.o 
7.5 
11.5 
15.5 
19.5 
23.5 
27.5 


I     ,  losA 

37S         +25°28.0  0.1860 

3             28  48.9  .1729 

19  32   24.0  .1597 
35             36   14.3  .1470 

8             40   19.9  .1- 353 

20  44  39.9  .1250 
42    +49  11.7  0.1169 

x  =   r[9. 99916]  sin(v+263°42'.7) 

y  =  r [9.47 162]  sin (v+     5  18.1) 

z   =  »-[9. 98098]  siu(t-  +  352  36.8) 


h       ii 

12  47 

12  55 

13  3 
12 

,23 

35 

13  49 


log  r 

0.0626 
.0806 
.0982 
.1155 
.1324 
.1468 

0.1647 


[The  above  elements  show  a  striking  resemblance t 
of  the  comet  1864  I.  —  G.] 


(.  tiiose 


MT.  HAMILTON    OBSERVATIONS    OF 

ECLIPSE  OF 

The  sky  was  overcast  till  about  noon.     The  following  ob- 
servations of  contact  II  were  secured. 


LAST    CONTACT    OF    PARTIAL    SOLAE 
1893  OCT.  9-10. 


Observer 
.1.  M.  Schaeberle, 

E.  E.  Barnard, 


Pacific  S.T.  Instrument 

ll  in  B 

0-56  31.8  In  focus  of  40-foot  Photo- 
heliograph. 

0  56  29.6  12-inch  refractor,  "time  of 
tangency  of  limbs  at  last 
contact ;  a  huge  lump  was 
visible  one  or  two  seconds 
lonsrer." 


Observer 


Instrument 


Pacitic  S.T. 

h        in        s 

R.  H.  Tocker,  Jr.,  0  56  32.7     4-inch  finderof  36-inch  tele- 
scope. 
A.  L.  Colton,  0  56  21         3-inch  portable  telescope. 

C.  1).  Perrine,  0  56  33         In  focus  or  40-foot  Photo- 

•  heliograph. 

Professor  Schaeberle  and  Mr.  Perrine  secured  seven 
negatives  of  the  last  half  of  the  eclipse,  with  the  photo- 
heliograph. 

Edward  S.   Holden. 
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The  Constant  of  Aberration  as  Determined  from  Latitude-Observations  at  Waikiki,  isy  Mr.  E.  1).  Preston. 
Photograph  of  Brooks's  New  Comet  c  1893),  by  Prof.  E.  E.  Barnard. 
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Observations  of  Comet  c  1893.  by  Prof.  J.  G.  Porter. 
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ON   THE   VARIATION  OF  LATITUDE,  Till, 

By  S.  C.  CHANDLEK. 


§1.  Since  the  appropriation  by  the  Trustees  of  the  Wat- 
son Fund  of  the  National  Academy  of  Sciences,  acknowl- 
edged in  no.267  of  this  Journal,  I  have  received,  and 
desire  to  make  grateful  acknowledgement  of.  a  similar  ad- 
ditional appropriation  from  the  same  source.  This  has 
enabled  me  to  retain  the  skilled  and  invaluable  services  of 
Miss  F.  G.  Wentworth.  A  part  of  the  investigations  thus 
undertaken  have  been  published  in  t lie  various  papers  in 
this  Journal  during  the  past  two  years.  Others  have  been 
completed,  and  more  are  under  way,  but  the  topics  of  which 
they  treat  are  so  mutually  related  that  a  definite  and  con- 
nected statement  of  the  results  must  be  left  to  a  future  oc- 
casion. There  are,  however,  one  or  two  points,  of  extreme 
importance  for  the  complete  establishment  of  the  theory  of 
the  latitude-variation,  which  have  not  yet  been  fully  eluci- 
dated. It  is  to  these  that  the  present  article  is  to  be  de- 
voted . 

In  the  beginning  of  these  researches,  about  two  years 
ago,  especial  attention  was  given  to  the  question  of  the 
direction  of  the  rotation  of  the  pole  (A.J. , 'XI,  pp,  66,  70, 
76).  By  comparison  of  simultaneous  observations  at  three 
pairs  of  stations  —  Cambridge  and  Berlin.  Washington  and 
Pulkowa,  Leyden  and  Melbourne  —  it  was  shown  conclu- 
sively that  this  rotation  was  from  West  to  East.  At  that 
time,  however,  1  supposed  the  motion  to  be  a  simple  one  of 
427  days'  period.  It  was  not  until  the  summer  of  1892  that 
it  was  discerned  to  be  a  complex  one,  composed  of  this  and 
a  superposed  annual  term.  It  then  became  necessary  to 
re-examine  the  question  of  direction  for  each  of  the  compo- 
nents. This  was  accordingly  done,  and  satisfactory  proof 
was  found  that  both  motions  had  the  same  direction,  from 
Wrst  to  East.  This  result  was  therefore  adopted  in  all  sub- 
sequent computations,  but,  as  the  proof  of  the  proposition 
has  not  been  anywhere  given  in  the  previous  articles,  being- 
crowded  out  by  topics  more  imperatively  demanding  state- 
ment, I  now  take  the  opportunity  to  go  back  to  give  an 
explicit  demonstration,  including  all  the  data  bearing  upon 
it  that  are  now  available. 


It  is  manifest  that  we  should  employ  for  this  purpose 
series  of  observations  made  in  widely  different  longitudes. 
and  that  each  of  them  should  be  of  sufficient  extent  to 
furnish  independent  values  of  the  constants  for  both  terms 
of  the  variation.  But  there  are  so  few  that  fulfil  the  latter 
condition  that  I  have  felt  at  liberty  to  combine  short  series 
made  in  nearly  the  same  longitude,  first  eliminating  the 
quantities  not  common  to  both.  In  this  way  I  have  made 
the  fourteen  determinations  of  the  numerical  equations  for 
the  latitude-variation  which  are  given  in  Table  XIII.  The 
constants  were  found  by  least-square  solutions,  uniformly 
on  the  principles  developed  in  the  first  article  on  the  Con- 
stant of  Aberration,  A.  J.  XII,  pp.  177,  178.  When  two 
short  series  were  combined,  the  xs  were  eliminated,  and  the 
summed  elimination-equations  solved  for  the  other  un- 
knowns. A  few  words  of  description  for  each  series  will 
give  all  other  needed  explanation. 

A.  Peters's  Vertical-Circle  observations  of  Polaris,  1842— 
44.     See  eq.  (39),  A.J.  287. 

B.  The  same  for  seven  other  stars.     See  A.J.  293,  p.  33. 

C.  Struve's  Prime-Vertical  observations,  1840-55.  See 
eq.  (43),  A.J.  296. 

D.  Gyi. den's  Vertical-Circle  observations  of  Polaris.  1863- 
70.     See  eq.  (41).  .4../.  293. 

E.  Ntben's  Vertical-Circle  observations  of  Polaris,  1871- 
75.     See  eq.  (42),  A.  J.  293. 

F.  Nyren's  Prime-Vertical  observations  of  four  stars, 
1875-79.     See  eq.  (46),  A.  J.  297. 

G.  A  combination  of  Nyren's  observations  with  the  Prime- 
Vertical,  1879-82,  with  Kustner's  by  Talcott's method, 
1884,  85. 

H.     Berlin    observations    by   Tai.cott's    method,   1889-92 

April. 
I.     Greenwich  Transit-Circle  observations  of  four  polars, 

1880-91.     See  Mo.  Not.  B.A.S.,  LIII,  p.  119. 
J.     Washington    Prime-Vertical    observations    of    c-  Lyme, 

1862-67. 

(159) 
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K. 


L. 


A  combination  of  the  Washington  Prime-Vertical  ob-   |  M. 
servations,  1882-84,  with  those  at  Cambridge  with  the   ! 
Almucantar,  1884,  85.  N. 

Washington  Transit-Circle    observations    of    Polaris, 
1880-87. 


A  combination  of  Dooutti.e's  observations  by  Tal- 
cott's  method,  1890,  and  the  similar  ones  of  Smith,  1891. 
COMSTOCK's  and  Bkown's  Meridian-Circle  observations, 
1883-90.  The  material  used  was  taken  from  their  table 
6,  Mad.  Obs.,  VI,  part  4,  pp.  108-119. 


Place 

Ser. 

Wt 

Pnlkowa. 

A 

l 

" 

B 

1 

1 1 

G 

l 

u 

D 

3 

cc 

E 

3 

(c 

F 

3 

Berlin, 

G 

2 

C( 

H 

3 

Greenwich 

I 

2 

Washington, 

J 

2 

i ; 

K 

1 

Ct 

L 

2 

u 

M 

2 

Madison, 


N 


Table  XIII. 

r', 

u  —  (f—  +0.077  cos(«— 2  394108)0 

4-  .035  cos(f— 2394148)0 

+  .235  cos(t— 2  402  851)6* 

+  .181   cos  \t— 2405  402)5 

4-  .236  cos(«— 2407  111)6 

+    .152  cos(«—  2408782)0 
+    .142  cos(i!— 2411  811)  6> 

+    .141   cos  («— 2409  655)0 

+  .127  cos (4—2402  203)0 

+  .120  cos («— 2408549)0 

+  .236  eos(<— 2  409  561)0 

+  .098  cosfi— 2411  718)0 

+  0.152  cos(<— 2410382)0     +   0.242  cos(Q— 182.3) 


+ 

0.122 

cos  tO- 

-377.5) 

+ 

.215 

eos  (O- 

-812.8) 

+ 

.100 

eos(Q- 

-327.7) 

+ 

.166 

cos(Q- 

-304.4) 

+ 

.088 

cos(Q- 

-313.5) 

+ 

.227 

cos(©- 

-360.0) 

+ 

.114 

cos(Q- 

-303.5) 

+ 

.164 

COS(Q- 

-357.0) 

+■ 

.148 

eosfO- 

-300.0) 

+ 

.125 

cos(©- 

-288.7) 

+ 

.  2 1 9 

cos(©- 

-247.0) 

+ 

.083 

cos(©- 

-213.0) 

+ 

.183 

cos(Q- 

-225.0) 

Reducing  all  the  above  values  of   T',  to  a  common  epoch  i    431  days,  and  taking  the  means  by  weights,  for  the  equa- 
(1875),   by  adding  or  subtracting  multiples  of  the    period  |    tions  in  each  longitude,  for  all  the  constants,  we  get: 


Fourteen  Months'  Term. 

Place 

Wt. 

n 

O— C 

T'i 

A 
0 

Ti 

0— C 

Pnlkowa, 

11 

0^188 

+0.024 

2  406  257 

a 
—  36 

2  406  221 

+  22 

Berlin, 

5 

.146 

—  .018 

6  203 

—   16 

6  187 

—  12 

Greenwich, 

2 

.141 

—  .023 

6207 

0 

6  207 

+   8 

Washington, 

7 

.149 

—  .015 

6  083 

+   92 

6  175 

—24 

Madison, 

1 
26 

0.152 

—0.012 

6072 

+  107 

6  179 

—  20 

1 

0.164 

2406199 

Annua 

l  Term. 

Place 

Wt. 

n 

O-C 

Qi 

a 

G 

O— C 

it 

// 

o 

0 

O 

o 

Pnlkowa, 

12 

0.157 

+  0.004 

320.5 

—30.3 

290.2 

—13.7 

Berlin, 

5 

.144 

—  .009 

335.6 

—13.4 

322.2 

+  18.3 

Greenwich, 

9 

.148 

—  .005 

300.0 

0.0 

300.0 

—  3.9 

Washington, 

7 

.143 

-   .010 

242.9 

+  77.0 

319.9 

+  16.0 

Madison, 

1 

27 

0.242 

+  0.089 

182.3 

+  89.4 

271.7 

—32.2 

0.153 

303.9 

The  fifth  column,  T\,  gives  the  observed  Julian  date 
when  the  latitude  would  be  a  minimum,  i.e.,  when  the  pole 
of  figure  would  pass  the  meridian  of  the  respective  stations 
by  virtue  of  the  fourteen  months'  revolution  alone.  As  we 
pass  from  the  Eastern  to  the  Western  stations  it  should  de- 
crease or  increase,  according  as  this  revolution  is  from  West 
to  East  or  the  reverse,  by  intervals  proportional  to  the 
differences  of  longitude.  Similarly  G'  is  the  sun's  longitude 
on  the  observed  date  when  the  same  phase  would  occur  by 
virtue  of  the  annual  term  alone,  and  should  decrease  or  in- 


crease according  as  this  revolution  is  from  West  to  East  or 
the  reverse,  respectively,  by  amounts  equal  to  the  differ- 
ences of  longitude.  Now  it  will  be  seen  that  the  above 
values  of  T\  and  G'  decrease  from  Pnlkowa  towards  Madi- 
son, by  amounts  which  are  on  the  whole,  considering  the 
uncertainty  of  the  data,  generally  consistent  with  the  quanti- 
ties -r  and  a  in  the  sixth  column.  It  is  therefore  proved 
6 

beyond  reasonable  doubt  that  the  direction  of  the  rotations 
is  from  West  to  East  in  both  elements  ;  whence  the  general 


N°-  307 


TH  H     AS T RONOMICAL     JOURNAL. 


161 


form  of  the  equation  for  the  variation  of  latitude  adopted  in 
A.J.  284,  p.  154,  eq.  (19). 

It  may  be  thought  that  too  much  pains  have  been  here 
bestowed  upon  a  point  which  might  be  trusted  to  theory  to 
decide.  I  cannot  think  so.  One  of  the  most  salient  results 
of  these  articles  has  been  the  proof  of  the  fact  that  theory  lias 
been  a  blind  guide  with  regard  to  the  velocity  of  the  polar 
rotation,  obscuring  truth  and  misleading  investigators  for  a 
half  a  century.  And  even  if  we  were  certain,  which  we  are 
not,  that  the  fourteen  months'  term  is  the  Eulerian  period  in 
a  modified  form,  it  would  still  be  Decessary  to  settle  by  ob- 
servation the  direction  of  the  annual  motion,  with  regard  to 
which  theory  is  powerless  to  inform  us.  To  save  repetition 
of  argument,  I  must  refer  to  the  statement,  in  A.J.  273, 
pp.  68,  70,  of  the  principles  adopted  in  beginning  these  in- 
quiries in  1891 . 

§2.  The  ground  is  now  cleared  for  examination  of  the 
only  topic  remaining  to  be  covered,  to  establish,  upon  the 
foundation  of  fact,  every  point  in  the  present  theory  of 
these  remarkable  movements  of  the  earth's  axis.  This  is 
the  question  of  the  possibility  that  these  movements  are 
not  real,  but  merely  misinterpretations  of  the  observed  phe- 
nomena ;  being  in  whole  or  in  part  an  illusory  effect  of  in- 
strumental error  due  to  the  influence  of  temperature.  Such 
a  possibility  has  been  a  nightmare  in  practical  astronomy 
from  the  first,  frightening  us  in  every  series  of  unexplained 
residuals,  brought  to  light  continually  in  nearly  all  attempts 
at  delicate  instrumental  research.  A  source  of  danger  so 
subtile  could  not  fail  to  be  ever  present  in  the  mind  of  every 
astronomer  and  physicist  who  has  given  even  a  superficial 
attention  to  the  question  of  the  latitude- variations,  and 
there  is  no  doubt  that  some  are  even  now  thus  deterred 
from  accepting  these  variations  as  proved  facts.  Perhaps 
the  most  explicit  and  forcible  statement  of  the  doubts  that 
may  arise  on  this  subject  has  been  given  very  recently  by 
Mr.  Counv.  The  views  of  so  distinguished  a  physicist,  and 
of  others  who  are  inclined  to  agree  with  him,  call  for  care- 
ful attention,  and  cannot  be  neglected  in  the  present  closing 
argument  upon  the  theory  presented  in  these  articles. 

It  is  unnecessary,  for  the  purpose  of  disposing  of  objec- 
tions of  the  sort  raised  by  Count;,  to  insist  that  it  is  not 
sufficient  to  show  that  the  observed  variations,  attributed  to 
the  unsteadiness  of  the  earth's  pole,  are  near  the  limit,  of 
precision  attainable  in  linear  differential  measures,  and  in 
the  indication  of  the  direction  of  gravity  by  means  of  the 
aii-bubble  of  the  level;  or  to  show  that  there  are  known 
variations  in  divided  circles  and  in  levels,  dependent  on 
temperature  and  seasons.  Nor  need  we  require  of  objectors 
the  difficult,  although  essential  task  —  which  they  lffcve  not 
distinctly  attempted  —  of  showing  that  these  errors  are  not 
eliminated,  as  they  appear  to  be,  by  the  modes  in  which 
astronomers  use  their  instruments.  Neither  need  we  even 
urge  the  fact  that  a  large  portion  of  the  data  which  have 
been  utilized  in  the  present  researches  on  the  latitude  were 


derived  by  methods  which  dispense  with  levels,  or  with 
circles,  a  part  of  them  indeed  with  both,  and  yet  that  the 
results  of  all  are  harmonious.  On  the  contrary,  let  us  ad- 
mit, although  merely  for  argument's  sake,  that  all  the  known 
means  of  determining  the  direction  of  gravity  —  including 
the  plumb-line,  the  level,  and  a  fluid  at  rest,  whether  used 
for  a  reflecting  surface  or  as  a  support  for  a  floating  instru- 
ment—  are  subject  to  a  common  law  of  periodical  error, 
which  vitiates  the  results  of  astronomical  observation,  ob- 
tained by  whatever  methods,  and  in  precisely  the  same  man- 
ner. Now  the  observed  law  of  latitude-variation  includes 
two  terms,  with  periods  of  fourteen  and  twelve  mouths, 
respectively.  Since  the  phases  of  the  first  term  are  repeated 
at  intervals  of  two  mouths  in  successive  years,  and  hence  in 
a  series  of  years  come  into  all  possible  relations  to  conditions 
of  temperature  dependent  on  seasou,  the  argument  against 
the  reality  of  this  term,  on  this  ground,  absolutely  fails,  and 
needs  no  further  notice.  As  to  the  second,  or  annual  term, 
while  the  phases,  as  observed  in  any  given  longitude,  are  in- 
deed synchronical  with  the  seasons,  they  are  not  so  as  re- 
gards different  longitudes.  If,  therefore,  the  times  of  any 
given  phase,  as  observed  in  the  same  latitude,  but  in  suc- 
cessively increasing  longitudes,  occurred  at  the  same  date  in 
all  of  them,  there  would  be  a  fatal  presumption  against  the 
existence  of  an  annual  period  in  the  polar  motion.  If,  on 
the  contrary,  they  occur  at  times  successively  corresponding 
to  the  differences  of  longitude,  the  presumption  is  equally 
fatal  to  the  hypothesis  that  they  can  possibly  be  due  to 
temperature-variation  as  affecting  instrumental  measurement. 
But  the  facts  given  in  the  foregoing  section  correspond  most 
distinctly  to  the  latter  condition.  Therefore,  unless  ad- 
ditional facts  can  be  brought  to  disprove  successively  these 
observed  results,  we  may  dismiss  forever  the  bugbear  which 
has  undoubtedly  led  many  to  distrust  the  reality  of  the 
annual  component  of  the  latitude-variation,  while  they  admit 
the  existence  of  the  427-day  term. 

§3.  It  is  not  intended  in  this  article  to  make  a  definitive 
determination  of  the  coefficients.  This  task,  and  the  dis- 
cussion of  their  variations,  must  await  a  future  occasion.  I 
do  not  feel  sure  that  any  improvement  could  now  be  sug- 
gested to  eq.  (15),  after  putting  ?•.,  =  0".16,  as  on  p.  153, 
A.J.  284,  so  that  (15) 

<.<■  —  cr„  =  — 0".12  cos[J.+  (t— 1875  Nov.  1)  0°.83527] 
— 0".16cos(;.+G— 350°) 
for  the  purpose  of  comparison  with  current  observation,  and 
prediction  for  the  next  few  years  of  the  probable  course  of 
the  variations.  The  equation  given  by  the  mean  values  de- 
duced on  p.  (160) — where  the  satisfactory  accordance  of  the 
values  at  the  different  observatories,  as  shown  by  the  columns 
0 — C,  may  be  noted  in  passing — is  here  written  out.  as 
follows:  (47) 

V  —  tr„  =  —  0".164  cos\_).+  (t— 1875  Nov.  6)  0°. 83527] 
— 0".153  cos(;.+0— 304°) 

The  agreement  of  these  two  equations  is  good,  except  for 
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G.  The  difference  in  this  I  cannot  account  for,  but  will 
merely  say  that  I  have  reason  to  believe  that  tins  constant 
is  subject  to  considerable  fluctuation  at  different  times.  At 
the  present  time  it  seems  evident  thai  the  larger  value  is 
nearer  the  observed  one.  As  a  compromise  between  the 
two  equations  we  might  take, 

<r  —  c„  =  —  0".15  cos[l+(t— 1875  Nov.  1)  0°. 83527] 
(48)  — 0".15  cos(A  +  Q— 320°) 

but  it  is  doubtful  whether  it  affords  any  improvement  over 
(15)  for  the  representation  of  current  observation. 

Comi'uted  Phases  for  Berlin 


hi  any  event,  the  small  range  of  uncertainty  here  ex- 
hibited seems  to  show  that  we  know,  not  only  the  general  law 
of  the  Latitude-variation,  but  also  its  constants  with  such 
accuracy  that  we'  may  safely  indulge  in  prediction  as  to  its 
immediate  future  course  :  which  is  very  soon  to  be  marked 
by  such  singular  and  apparently  erratic  changes  as  to  fur- 
nish, by  comparison  with  observation,  a  most  emphatic  and 
crucial  test  of  the  theory.  As  illustration  of  this,  I  give 
below  the  computed  times  of  the  principal  phases,  for  the 
Berlin  meridian. 


M 

oimum 

Maximum 

Period  from 

Date 

Amplitude 

Date 

Amplitude 

Min. 

Max. 

Br  Equation  (15). 

1889  Feb. 

10 

—0.14 

1889  Aug.  19 

+  0.20 

383 

386 

1890  Feb. 

28 

—  .24 

1890  Sept.  9 

+  .27 

387 

389 

1891  Mar. 

22 

—  .28 

1891  Oct.   3 

+  .27 

387 

387 

1892  Apr. 

14 

—  .25 

1892  Oct.  24 

+  .21 

381 

371 

1893  Apr. 

30 

—  .16 

1893  Oct.  30 

+  .10 

350 

317 

(1894  Apr. 

15) 

(-  -05) 

(1894  Sept.  12) 

(+  -04) 

304 

335 

1895  Feb. 

13 

—  .08 

1895  Aug.  13 

+  .14 

371 

380 

1896  Feb. 

19 

—0.19 

1896  Aug.  27 

+  0.24 

By  Equation  (48). 

1889  Jan. 

12: 

—0.20 

1889  July  24 

+  0.25 

389 

391 

1890  Feb. 

5 

—  .28 

1890  Aug.  19 

+  .30 

391 

392 

1891  Mar. 

3 

—  .29 

1891  Sept.  15 

+  .27 

393 

395 

1892  Mar. 

30 

—  .22 

1892  Oct.  14 

+  .17 

378 

357 

1893  Apr. 

12 

—  .10 

(1893  Oct.   6) 

(+  -04) 

385 

367 

(1894  Jan. 

22) 

(-  .01) 

(1894  Oct.   8) 

(+  .06) 

339 

373 

1894  Dec. 

27 

—  .13 

1895  Julv   8 

+  .20 

389 

385 

1896  Jan. 

20 

—0.29 

1896  Aug.  6 

+  0.28 

An  inspection  of  these  data  enables  us  to  describe  in 
general  terms  the  probable  course  of  the  variations.  The 
curve  for  1892  will  probably  be  the  last  for  the  present  in 
which  there  will  be  any  marked  minima  and  maxima  ob- 
servable. The  latter,  in  1892  October,  will  show  a  per- 
ceptible decline  from  the  height  attained  in  the  maxima  of 
1890  and  1891.  The  minimum  of  1893  April  will  have  a 
still  smaller  amplitude.  Then  will  follow  an  interval  of 
nearly  two  years,  during  which  the  fluctuations  will  be  so 
slight  as  to  make  it  difficult  or  impossible  to  fix  the  princi- 
pal phases  by  observation  ;  so  that  from  the  maximum  of 
1893  October  to  that  of  1895  August,  or  from  the  minimum 
of  1893  April  to  that  near  the  beginning  of  1895,  there  will 
apparently  be  but  a  single  decidedly  marked  period,  of  say 
20-22  months.  During  this  interval  the  variation  will  be 
confined  within  a  total  range  of  about  0".10,   as    against 

1893  October  27. 


0".o6  which  has  prevailed  between  1889  and  1892.  In  1896 
it  will  again  attain  nearly  the  same  dimensions  as  in  1889, 
and  from  that  time  forward  to  1898  it  will  be  in  full  play, 
with  the  range  of  0".5  or  0".6,  and  period  of  nearly  390 
days,  which  prevailed  between  1889  and  1892.  After  this 
the  behavior  from  1893  onward  will  be  repeated,  in  obedi- 
ence to  the  law  of  the  seven-year  cycle. 

The  above-described  mutations  pertain,  of  course,  only  to 
the  operation  of  the  short-period  terms,  and  will  be  probably 
somewhat  modified,  as  regards  the  described  amplitudes,  by 
the  long-period  variation  indicated  in  A.J.  287,  p.  178,  and 
293,  p.  35. 

I  confidently  await  the  verification  to  be  afforded  by  the 
continuation  of  the  current  series  of  observations  in  various 
places,  for  vindication  of  the  theory  presented. 


ON 


THE  PARALLAX   oV  p  CYGNI, 

By  F.  L. 
In  discussiug  the  measures   of   the  Ruthereurd    photo- 
graphic plates  of   the    region  about  p>  Cygni,    Mr.  Harold 
Jacoby  found  that  this  star  might  possibly  have  a  very  large 


CHASE. 

parallax.  To  furnish  additional  evidence  on  this  interest- 
ing question,  as  soon  as  other  work  then  in  progress  would 
permit,  I  began  a  short  series  of  heliometer  observations. 
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Two  fairly  symmetrical  and  well-situated  pairsof  comparison- 
stars  were  selected,  whose  position-angles  from  tiCygni  were, 
in  round  numbers,  94°  and  276°  for  the  first  pair,  and  60° 
and  236°  for  the  second  pair.  The  distances  of  the  four 
stars  from  dCygni  were  observed  on  six  evenings  near  each 
of  the  two  epochs  of  maximum  parallactic  effect.  Any  pro- 
gressive change  in  the  scale-value  during  an  evening  was 
practically  eliminated  by  observing  in  the  order,  say  pi,  p'4, 
p1 3,  p' 2,  p1  denoting  pCygni,  1  and  4  the  first  pair  of  com- 
parison-stars, and  2  and  3  the  second  pair.  The  mean  of 
the  distances  p1  1  and  fi2  and  that  of  p'3  and  p'  4  might  thus 
be  regarded   as  depending  on  the  same  scale-value.     Care 


was  taken  to  begin  with  a  different  distance  each  night,  so  as 
to  equalize  on  the  whole  the  refraction-corrections. 

As  a  further  test  of  any  measured  parallax,  the  companion 
of  (3  Gygni,  which  I  shall  designate  by  p".  was  similarly 
observed  with  reference  to  the  same  comparison-stars. 

In  the  following  table  are  given  the  resulting  measures, 
in  terms  of  revolutions  of  the  micrometer-screw  corrected 
for  refraction  and  aberration,  the  mean  temperature  during 
observation,  and  the  quality  of  seeing,  expressed  in  the 
sharpness  of  the  images  and  their  steadiness,  1  meaning 
perfect,  and  4  conditions  too  bad  for  observing  to  be  pos- 
sible. 


Date 

/3l 

0'1 

f}'i 

u 

^3 

0'3 

0'  2 

P» 

Tern. 

Im. 

St. 

1893 

r 

r 

r 

I 

r 

r 

r 

T 

O 

May    9 

399.201 

401.273 

373.968 

376.094 

252.727 

250.028 

321.779 

319.055 

4, 

1-2 

1-2 

11 

.188 

.273 

.965 

.095 

.722 

:'5o.()79 

.781 

.061 

54 

2 

2-3 

18 

.202 

.241 

.957 

.065 

.690 

250.006 

.746 

.017 

48 

2 

2-3 

19 

.224 

.262 

.937 

.081 

.695 

250.01  1 

.771 

.050 

47 

2 

2 

29 

.214 

.239 

.962 

.069 

.737 

250.028 

.755 

.036 

52 

2-3 

2-3 

June    5 
Mean 

.200 

.262 

.950 

.094 

.686 

249.996 

.754 

.057 

68 

*       " 

•       " 

399.2048 

401.2583 

373.9565 

376.0830 

252.7095 

250.0247 

321.7648 

319.0460 

Oct.     2 

399.185 

401.253 

373.908 

376.0.".  1 

252.712 

250.018 

.",21.740 

319.067 

55 

3 

3 

0 

.210 

.24  7 

.952 

.065 

.717 

250.010 

.765 

.038 

54 

2 

2 

7 

.194 

.2  42 

.929 

.058 

.739 

250.032 

.772 

.049 

55 

2-3 

2-3 

8 

.199 

.244 

.970 

.104 

.678 

249.996 

.750 

.074 

56 

2 

3 

9 

.192 

.246 

.936 

.075 

.718 

250.017 

.772 

.053 

62 

3-4 

3 

10 
Mean 

.189 

.247 

.935 

.060 

.727 

250.033 

.768 

.051 

52 

2-3 

3 

399.1948 

401.2465 

373.9383 

376.0688 

252.7152 

250.0172 

321.7612 

319.0553 

"allob 

399.1998 

401.2524 

373.9474 

376.0759 

252.7123 

250.0210 

321.7630 

319.0506 

Assuming  the  mean  of  the  sum  l  (p  1  +p'2)  +  .V(p3  +  p'4) 
to  determine  the  standard  scale-value,  the  excess  of  this 
mean  sum  over  the  observed  sum  on  any  night  will  give  the 
correction  which  must  be  applied  to  each  distauce  pro- 
portionally, to  reduce  them  all  to  the  same  standard.     The 


differences  between  1(8  1  +p'  2)  and  l(p'3+p'4) ,  thus  cor- 
rected, will  on  any  night  differ  from  an  assumed  value  of 
this  difference  by  the  effect  of  the  parallax  of  jS  plus  the 
required  correction  to  this  assumed  value.  These  sums  and 
corrected  differences  are  as  follows  : 


QCygni. 

p1' Gygni. 

1893 

Sum-; 

Differences 

Corr.  Dirt1. 

Sums 

Differences 

Corr.  Diff. 

May     9 

673.5385 

4L7I75 

44!  7 162 

673'5240 

49*5280 

49^5257 

11 

.5330 

.7160 

.7151 

.5490 

.5050 

.5008 

18 

.4870 

.7320 

.7341 

.4750 

.5120 

.5132 

19 

.5250 

.7490 

.7486 

.4920 

.54-10 

.5440 

29 

.5280 

.7220 

7214 

.4920 

,5020 

.5020 

June    5 

.5185 

.7385 

.7386 

.481 0 

.5350 

.5358 

Oct.     2 

.5075 

.7445 

.7453 

.4595 

.5335 

.5359 

5 

.5150 

.7330 

.7333 

.4870 

.5250 

.5254 

7 

.5  2  00 

.7230 

.7230 

.4875 

.5265 

.5268 

8 

.5275 

.7-155 

.7449 

.4800 

.5140 

.5149 

9 

.5190 

.7260 

.7260 

.is;,;, 

.5325 

.5330 

10 

.5135 

.7265 

•7269 

.4915 

.5235 

.5235 

Mean 

673.5194 

44.7.111 

44.7311 

673.4920 

49.5234 

49.5234 
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The  parallax-factors  for  p1  Cygni.  referred  to  the  different 
comparison-stars,  are 

For  pi,  0.979  R  eos(0— 194°  4  I') 

■•    p'2,  0.970  B  cos(0— 225    85) 

"    p3,  0.981  It  cos(0—  43    20  ) 

"    p'4,  0.981  It  cos(Q—  17    33  ) 

The  same  factors  were  adopted  for,-',  since  its  position- 


angle  from  each  of  l he*  comparison-stars  never  differs  by  so 
much  as  15'  from  that  of  p'. 

Designating  by  x  the  correction  to  the  mean  corrected 
differences  given  in  the  above  table,  and  by  77  the  parallax 
sought,  we  form  the  following  equations  of  condition  anil 
minimis. 


1893 

Foi 

P 

For  p  ' 

May    9 

a;  +1.802*7 

=  — o'.0149 

a; 

+  1.802  a  = 

+  0.0023 

11 

x  +1.778 

=  —0.0160 

as 

+  1.778 

— 

—0.0226 

18 

x  +1.686 

=    +0.0030 

X 

+  1.686 

— 

—0.0102 

19 

x  +1.670 

=   +0.0175 

X 

+  1.670 

— 

+  0.0206 

29 

x  +1.491 

=  —0.0097 

X 

+  1.491 

— 

—0.0214 

June     5 

X  +1.343 

=  +0.0075 

X 

+  1.343 

— 

+  0.0124 

Oct.      2 

a;  — 1.77;) 

=  +0.0142 

X 

—  1.775 

= 

+  0.0125 

5 

a;— 1.802 

=    +0.0022 

X 

—  1.802 

— 

+  0.0020 

7 

x— 1.818 

—  —0.0081 

X 

—  1.818 

— 

+  0.0034 

8 

x  —1.829 

=  +0.0138 

X 

—  1.829 

— 

—0.0085 

9 

x— 1.839 

=  —0.0051 

X 

—1.839 

= 

+  0.0096 

10 

a— 1.849  n 

=  —0.0042 

X 

— 1.849  n  - 

+  0.0001 

Normal  Equations. 

For  p' 

+  1 

2.000  x  —   1 

.142  n  =   +0.0002 

[»m]   = 

0.001450 

+ 

1.142.r   +35.916?r  =     —0.0481 

Foi-p' 

+  12. 000.x  -  -  1 

.I42«  =   +0.0002 

[«n]   = 

0.001991 

+ 

1.142  as  +35 

.916  w  =  —0.0677 

A  solution  of  these 
For  p  n  = 

Forp1'         n  = 


gives 

—0.0014    ±0.0013  =  —0.018   ±0.016         .  the  probable  error  of  one  observation  being  ±0.109 

[««]  =  0.001388 
—0.0019    ±0.0016  =  —0.024    ±0.020  "         "  "  "  "  "       ±0.116 

[-•!•]  =  0.001861 

and  — 0".020  in  Decl.,  and  that  of  the  comparison-stars  pre- 
sumably small,  their  magnitudes  being  respectively  7.0,  7.8, 
8.1.  and  7.8.  Of  course,  to  eliminate  it  rigidly,  another  set  of 
observations  would  be  necessary  sis  mouths  hence  ;  but  in 
view  of  the  interest  attaching  to  the  question  it  has  seemed 
advisable  to  publish  the  results  already  obtained. 


The  result  obtained,  especially  considering  the  very  satis- 
factory agreement  with  that  for  its  companion,  makes  it 
seem  highly  probable  that  the  parallax  of  p'  Cygni  is  ex- 
tremely small. 

No  correction  for  proper  motion  lias  been  applied  :  that  of 
P  Cygni  being,  according  to  Auwers,  only  — 0s. 001  7  in  A.R., 

Yale  University  Observatory,  1893  October  26. 


Nov, 


7.5 

12 

55 

0 
0 

+  28  48.2 

9.5 

12 

59 

5 

30  34.1 

11.5 

13 

3 

21 

32  23.7 

13.5 

7 

51 

34   17.0 

15.5 

12 

39 

36   14.4 

17.5 

17 

47 

38  15.9 

19.5 

23 

16 

40  21.0 

21.5 

29 

10 

42  29.8 

23.5 

35 

34 

44  42.1 

25.5 

42 

31 

46  57.5 

27.5 

50 

7 

49   15.5 

29.5 

13 

58 

29 

51   35.3 

1.5 

14 

7 

4  2 

+  53  56.8 

log  r 


0.081 


log  A 
0.173 


ELEMENTS  AND   EPHEMERIS   OF   COMET  c  1893  (bbqokS), 

By  J.  G.  PORTER. 
The  accompanying  elements  of  Comet  c  1893    are   com- 
puted from  Cincinnati  observations  of  October  18,  23  and 
28.     The  middle  place  is  represented  exactly. 

T  =  1893  Sept.  20.9836  Berlin  M.T. 
Q  =  175°35'.3) 
i  —  130    22.  6  V  1893.0 
co  =  352      3.8  ) 
log  q  =  9.92536 

as  =  r[9. 93925]  sin(v+264°  55'.6) 
7/  =  --[9.47391]  siu(«+  5  46.6) 
z   =  r[9. 98066]  sin(v+353   53.9) 

Ephemeris  for  Berlin  Midnight. 

a  8  lug  )■  log  A       Light 

Nov.    3.5       12  47  36     +  25  27J        0.063       0.186       0.90 
5.5        12   51    14      +27     5.9 
Observatory,  Cincinnati,  Oct.  3. 


0.098       0.159 


0.115       0.146 


0.131       0.134 


0.148       0.123 


0.163       0.115 


Light 
0.88 

0.86 

0.85 

0.83 

0.81 

0.78 

0.75 
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ELEMENTS   OF   COMET  c  1893  (brooks), 
Hy  Rev.  g.  M.  SEARLE. 


Having  obtained  an  observation  of  this  comet 
Oct.  29,  as  follows  : 


Greenw.  M.T. 
21h  54m  30s 


App.  a 

12h  39'"  59s. 20 


App.  8 

+  21=  53'  42".6 


and  combining  this  with  the  mean  of  the  position  obtained 
by  Mr.  Wendell  and  myself  on  Oct.  17,  and  by  Prof. 
Porter  and  myself  on  Oct.  23,  I  made  a  computation  to  as- 
certain if  there  was  any  evideuce  of  elliptical  movement,  as 
seemed  possible  from  the  similarity  of  the  elements  to  those 
of  comets  1864  I  and  1822  I.  It  soon  became  manifest  that 
any  departure  from  a  parabola  indicated  by  the  observations, 
which  were  corrected  for  parallax  and  aberration,  would  lie 
slight,  and  toward  a  hyperbola,  not  an  ellipse.  Conse- 
quently it  did  not  seem  worth  while  to  pursue  the  computa- 


tion, bat  better  to  simply  obtain  a  new  parabola,   which  re- 
sulted as  follows  : 

T  =  Sept.  19.5887  Greenw.  M.T. 
fi  =  175°    0'36") 
oi  =  348    21    45    [■  1893.0 
i  —  129    54   51    ) 
log  q  =  9.912764 
As  these  elements  differ  but  slightly  from  Prof.  Porti  a's, 
it  is  hardly  necessary  to  give  a  new  ephemeris ;  for  his  will 
undoubtedly  serve  for  all  practical  purposes. 

The  discordances  for  the  middle  place  (O — C)  were 
Al  =  +17",  J3  =  — 8",  still  indicating  hyperbolic  mo- 
tion ;  but  they  are  not  important,  as  the  comet,  though 
quite  bright,  has  not  a  very  well  marked  nucleus,  and  its 
observed  places  cannot  be  expected  to  be  very  accurate. 


FILAR-MICROMETER   OBSERVATIONS   OF   ( '< )MET  c  1893  (biiooks,  oa.  ie), 

MADE    WITH   THE    12-1NCII    EQUATORIAL    OF   THE    LICK    OBSERVATORY, 

By  E.  E.  BARNAKD. 


1893  Mt. Hamilton  M.T. 

* 

No. 
Comp. 

Ja 

-* 

./S 

o/'s  apparent 

a                         8 

logpA 

for  a             for  d 

ll              III            8 

Oct.  24      17     2  49 

26  16  47  32 

27  16  48  10 

2 

3 
4 

*3  ,  5 

*3  ,  6 
8,4 

+  0"'-_'.">.lN 

—0  29.86 
+  0   47.32 

—  1   55.9 
+  7  20.0 
+  4   12.3 

h        in          s 

12  32  28 

12  35  34.97 
12  37     5.28 

o             <         a 

+  18  37.7 
+  19   46  53.0 
+  20  30  24.6 

?t9.685 

«9.691 
n9.694 

0.665 

0.666 
0.660 

Mean  Places  for  1S93.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

15  ed.  to 
app.  place 

Authority 

2 
3 
4 

ii      m     g 
12  32     2 
12  36     3.78 
12  36  16.89 

+  T.03 
+  1.05 
+  1.07 

+  18  39:2 

+  19   39   41.(3 
+  20  26  24.3 

n 

—11.0 
—11.6 

—  12.0 

9M  ;  equatorial  pointing 
W.B.  XII.  723 
W.B.  XII,  724 

*Oct.  24,  2G.     Ju  measured  direct  with  micrometer. 


Photographs  of  the  Comet. 


Photographs  made  of  this  comet  with  the  Willard  lens, 
on  Oct.  20,  21  and  22  seem  to  show  that  its  tail  encountered 
some  disturbing  influence  on  the  21st  that  shattered  aud 
distorted  it  in  a  most  remarkable  manner.  The  picture  of 
the  22d  showed  a  portion  of  the  tail  totally  disconnected 
from  the  main  tail,  and  apparently  an  independent  comet. 


The  position  of  this  fragment  at  16h  40m  was 
u  =   1 2''  20"',  S  =    +20° 

It  was  elliptical  in  form,  and  about  1°  in  diameter.  Ob- 
servations for  position  were  also  attempted  on  the  above 
dates,  but  dawn  prevented  their  completion  after  the  photo- 
graphs were  made. 


OBSERVATIONS  OF   COMET  c  1893  (buooas), 


U  IDE 

SVITH    THF 

FILAR-MICROMETER   OF   THE 

CINCINNATI   EQUATORIAL, 

By  J.  G.  PORTER. 

1893  Cincinnati  M.T. 

* 

No. 

6^-* 

cv^'s  apparent 

logpA 

Comp. 

Ja 

JS 

a                          8 

for  a      1     for  6 

h         in        a 

in       s 

'         »                   h          m       s                          o          i 

Oct.  28     16  27  51 

1 

12  ,  12 

+  0  53.35 

—2  57.1 

12  38   26.42       +21      9     4.9 

»9.689     0.695 

30     16  22     2 

2 

10  ,  10 

+  1      5.82 

+  1    24.6 

12  41   36.78  |   +22  38  43.7 

n9.694  j  0.690 
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Mean  Places  for  1803.0  of  Comparison 

-Stars. 

* 

1 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

All 

thorit; 

t 

h 

ID          * 

8 

0         t          if 

11 

1 

12 

37  81.98 

+  1.09 

+  21    12   14.4 

—  12.4 

15.15.  VI.  2 

T2449  ami  Bei 

lin  A.G. 

Z.,  1  obs. 

2 

12 

40  29.84 

+  ..12 

+  22  37  32.4 

—  13.3 

Berlin  A.( 

r.Z.,   3   ollS. 

COMET  b  1893. 

A  telegram  announces  the  rediscovery  of  this  comet  by  Cerdlli,  Nov.  3,  in 

the  position  g 

ven  by 

.he  ephemerides. 

'1'lie  equatorh 

il  heliocenl 

i<-  coordinates,  :is  computed  by  Prof.  Boss,  are  on  p. 

117.  and  from 

these  Mi 

.  Geo.  E. 

WlIlT- 

akkk  Ikis  computed  the  following  epbemeris. 

Gr.  M.T. 

App.  a 

App.  0 

log  A          Br. 

Gr.  M.T. 

\pp.u 

App.  8 

log  A 

lir. 

1893  Nov.  15.5 

2  4  7"    0*9 

O            F 

+  0     4 

26 

1893  Dec.    9.5     12 

43"' 10*8 

— 0 

F               II 

5   16 

16.5 

47     2.2 

0     2 

43 

10.5 

42  4  7.3 

0 

4     4 

17.5 

47     2.8 

+  0      1 

6 

0.4721       0.092 

11.5 

4  2   22.5 

0 

2  44 

0.4554 

0.077 

18.5 

47     2.4 

—0     0 

24 

12.5 

41    56.4 

—0 

1    16 

19.5 

47      1.2 

0      1 

48 

13.5 

41   28.9 

+  0 

11  22 

20.5 

46  59.1 

0     3 

6 

14.5 

41     0.0 

0 

2     8 

21.5 

46  56.1 

0     4 

17 

0.4707      0.088 

15.5 

40  29.8 

0 

4     3 

0.4511 

0.076 

22.5 

46  52.3 

0     5 

21 

16.5 

39  58.2 

0 

6     7 

23.5 

46  4  7.5 

0     6 

19 

17.5 

39   25.1 

0 

8  21 

24.5 

4  6  41.8 

0     7 

10 

18.5 

38  50.5 

0 

10  43 

25.5 

46  35.2 

0     7 

54 

0.4686      0.085 

19.5 

38  14.5 

0 

13  15 

0.4465 

0.074 

26.5 

46  27.6 

0     8 

32 

20.5 

37  37.0 

0 

15  56 

27.5 

46   19.0 

0     9 

2 

21.5 

36  58.0 

0 

18  47 

28.5 

46     9.4 

0     9 

25 

22..S 

36   17.5 

0 

21  48 

29.5 

45  58.8 

0     9 

41 

0.4661       0.083 

23.5 

35  35.4 

0 

24  58 

0.4417 

0.073 

30.5 

45  47.1 

0     9 

49 

24.5 

34  51.8 

0 

28  17 

Dec.     1.5 

45  34.4 

0     9 

50 

25.5 

34     6.6 

0 

31   47 

2.5 

45  20.5 

0     9 

44 

26.5 

33   19.8 

0 

35  27 

3.5 

45     5.5 

0     9 

30 

0.4630      0.080 

27.5 

32  31.3 

0 

39   16 

0.4367 

0.072 

4.5 

44  49.4 

0     9 

7 

28.5 

31   41.2 

0 

43   15 

5.5 

44  32.1 

0      8 

37 

29.5 

30  49.4 

0 

47  25 

6.5 

44   13.6 

0     7 

59 

30.5 

29  56.0 

0 

51    45 

7.5 

43  53.9 

0     7 

13 

0.4594       0.078 

31.5     12 

29     1.0 

+  0 

56  15 

0.4317 

0.072 

8.5      1 

2  43  33.0     —0     6  19 

NUMERATION 

Brightness  Nov.  9  = 

:  0.100. 

RED 

[N 

1893. 

OF  ASTEROIDS  DISCOVE 

Numbers  have 

recently  been  assig 

led 

to   tvventv-oue  of 

1893 

1893 

these  bodies,  discovered  betw 

To  seven  others,  found  dm 

hers  are  assigned,  for  want  o 

een  January  12  and  August  19. 
ing  the  same  interval,  no  num- 
f  sufficient  observations  to  per- 

B  Jan. 
F 
A 
E 

12    Wolf         (352) 

16  "            (353) 

17  Charlois   (354) 
20          "            (355) 

s 

T 

V 

w 

Mar.  17 
19 
21 
21 

Charlois 

t  t 
a 

(363) 
(364) 
(365) 
(366) 

mit  the  computation  of  ellipt 

c  orbits. 

O 

21          " 

(356) 

AA 

May  19 

it 

(367) 

These  are  1893  C,  D,  M,  0.  U,  X, 

Y. 

J  Feb. 

11 

(357) 

AB 

19 

a 

(368) 

The  planet  1893  Q  has  been  found 
Clymene,  for  which  the  value  of  w  in 
requires  ail  increase  of  30';  Z  with  (1 

identical   with   (104) 
the  Berliner  Juhrbnch 
75)  Andromache,  AF 

IT  Mar. 

L 
N 
P 

8 

9          " 
11           " 
11           " 

(358) 
(359) 
(360) 
(361) 

AE  July     4 
AG            14 
AD            16 
AH  Au£.19 

BORKELIA 

n 

• (369) 
(370) 
(371) 
(372) 

with  (158)  Coronis  ;  and  AG 

with  (1C 

~) 

Camilla. 

R 

12           " 

(362) 

The  numbers  as 

signed  by  t 

ie  TtecJievinstihtl  are 

CON  T  E N  T  S . 
On  the  Variation  ok  Latitude,  VIII.  by  Dr.  S.  C.  Chandler. 
On  the  Parallax  of  fj  Cygni,  by  Op..  F.  I..  Chase. 

Elements  and  Ephemeris  of  Come  10  1893  (Brooks),  by  Prof.  J.  G.  Porter. 
Elements  of  Comet  c  1893  (Brooks),  by  Rev.  G.  M.  Sk.arle. 

Observations  and  Photographs  of  Comet  c  1893  (Brooks,  Oct.  16),  by  Prof.  E.  E.  Barnard. 
Observations  of  Comet  c  1893  (Brooks),  by  Prof.  J.  G.  Porter. 
Comet  6  1893. 

Ephemeris  by  Mr.  George  E.  Whitaker. 
Numeration  of  Asteroids  Discovered  in  1893. 
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Bv  HENRY  M,  PARKHURST. 


My  observations  of  variable  stars  of  long  period,  for  ten 

years  from  1S83  to  1892  inclusive,  reduced  in  the  photo- 
metric scale,  are  given  in  Vol.  XXIX  of  the  Annals  of  the 
Harvard  College  Observatory. 

The  photometric  scale  employed  by  me  for  the  last  thirty 
real's  (see  Parkhuest's  Astronomical  Tables,  pp.  182  ami 
229),  is  based  upon  Poosox's  ratio  of  2.512.  My  aperture 
being  nine  inches,  this  will  show  a  star  of  14". 0 ;  but  this 
mails  a  high  power,  a  small  zenith-distance,  and  an  ex- 
ceptionally clear  sky. 

By  reference  to  the  Catalogue  of  Comparison-Stars  ac- 
companying my  first   ten    years    of    observations,  (H.C.O. 


that  there  is  a  large  variation  between  the  two.  especially 
between  the  ninth  and  the  twelfth  magnitude,  the  photo- 
metric scale  making  these  stars  apparently  mnch  fainter. 
Forty-seven  9"!0  DM. and  SD.  stars  average  9M.42  photo- 
metric. Fifty-nine  of  the  best  determined  9M.5  DM.  stars 
average  10M.69  photometric;  19  of  the  best  determined  9".9 
and  10". 0  SI),  stars  average  10M.86  photometric. 

Part  of  this  variation  undoubtedly  arises  from  the  inclu- 
sion, both  in  the  DM.  ami  in  the  SI),  catalogues,  of  many 
stars  somewhat  below  the  lower  limit  previously  fixed. 

Commencing  with  the  present  year,  I  have  obtained  the  fol- 
lowing results,  in  which,  following  the  Julian  date  (omitting 


Innate,  Vol.  XXIX),   the  preliminary   magnitudes  of  most      for  brevity  the  first  three  figures),  are  given  the  number  of 

periods,  E,  reckoned  from  the  epoch,  and  the  variation  in 
days,   from  the  elements  contained   in  Chandler's  Second 


of  the  comparison-stars  may  be  ascertained,  and  the  photo- 
metric scale  determined.  By  comparison  with  the  scale  of 
magnitudes  used  in  the  Second  Catalogue,  it  will  be  seen    I  Catalogue,  in  No.  300  of  the  Astronomical  Journal. 

Results  of  Observation. 


<  observed  Date 

No 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

Remarks 

432 

5  Cassiopeae 

Max. 

2564 

1893  Apr.  10 

18 

(i 
+  30 

» 

1717 

YTauri 

Min. 

2454 

1892  Dec.  21 

44 

—  6 

l  V 

Max. 

2537 

1893  Mar.  14 

si 

—12 

1923 

S  Aurigae 

Max. 

2528 

Mar.    5 

_ 

_ 

A  period  of  GOO  days,  with  an  irregularity  of  at  least  GO 

, 

days,  appears  to  be  a  rude  approximation. 

1986 

T  Ononis 

Max. 

2517 

Feb.  22 

- 

'- 

Near  the  predicted  minimum  for  the  assumed  period  of 
225  days,  the  only  period  which  seemed  plausible. 

2266 

V  Monocerotis 

Max. 

2503 

Fell.     8 

11 

—  8 

2539 

R  Can  is  minoris 

Max. 

2546: 

Mar.  23 

37 

—  9 

■-'684 

S  Cams  minoris 

Max. 

254  7 

Mar.  24 

:;.". 

0 

2691 

T  Con  is  minoris 

Max. 

2540: 

Mar.  17 

26 

—  12 

No  appreciable  change  for  30  days. 

2735 

U  Cam's  minoris 

Min. 

2564 

Apr.  10 

12 

+  59 

Fell  2  magnitudes,  after  the  predicted  time. 

2742 

S  Geminomm 

Max. 

255:; 

Mar.  30 

51 

+  13 

2780 

T  Oeminorum 

Max. 

2503  : 

Feb.    8 

56 

0 

lint  I  did  not  commence  observing  until  this  date,  and 
found  no  change  for  26  days  following. 

2815 

U  Geminorum 

_ 

_ 

— 

- 

- 

Invis.  from  2629d  to  25C5rl.  including  the  predicted  max. 

3060 

U 'Caned 

Max-. 

2571 

Apr.  20 

48 

+    2 

3994 

S  Leon  is 

Max. 

2509  : 

Feb.  14 

62 

—   1 

1877 

T  Virginis 

Min. 

2634  : 

June  19 

35 

+  30 

May  have  been  later.     Assumes  minimum  midway. 

•1492 

Y  Virginis 

Max. 

2600 

May  16 

17 

0 

1596 

U  Virginis 

Max. 

2516 

Feb. 21 

17 

+   9 

5037 

lili  Virginis 

Max. 

225  7 

1892  June    7 

22 

0 

In  1893  variable  had  not  appeared.  ",7  days  prior  to  pre- 

dicted maximum. 

5070 

Z  Virginis 

_ 

_ 

_ 

— 

_ 

In  1893  had  not  appeared,  43  days  prior  to  pred.  max. 

5338 

UBootis 

Max. 

2543 

1893  Mar.  20 

27 

—  2 

C( 

Miu. 

2629 

June  14 

28 

—14 
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No. 

Star 

Phase 

Observed  Date 
Julian        Cal.  date 

E 

Corr. 

Remarks 

U  Bootis 

Max. 

2718 

1893  Sq.t.  11 

28 

d 

—  5 

These  are  the  corrections  derived  from  my  lengthening 
period  suggested  in  the  note  to  the  Catalogue. 

5438 
5494 

Y  Librae 
S  Librae 

Max. 

Max. 

2682  : 
2609 

Aug.   6 
May  25 

36 
36 

—39 

—  6 

Maximum  possible  earlier.  A  period  of  326  days  sug- 
gested. 

5583 

X  Librae 

Max. 

2598 

May  14 

33 

+  16 

t . 

l( 

it 

" 

48 

0 

From  my  own  elements  suggested  in  note  to  the  Catai. 

5617 

U  Librae 

Mux. 

2599 

May  15 

32 

—  2 

From  photom.  obs.,  rejecting  visual  comp.  May  7. 

5677 

R  Serpentis 

Max. 

2712 

Oct.     5 

69 

—21 

i 

5761 

ZScorpii 

Max. 

2688 

Aug.  12 

20 

+  22 

A  period  of  3G9  days  satisfies  the  last  three  maxima, 
but  does  not  lit  older  observations  so  well. 

5795 

WScorpii 

Max. 

2625  : 

June  10 

28 

0 

Began  observations  June  12,  and  found  it  diminishing. 

5831 

S  Scorpii 

Max. 

2676 

July  31 

116 

+  16 

No  correction  of  elements  ueeded. 

5887 

V  Ophinchi 

Max. 

2627  : 

June  1  2 

23 

—25 

See  remarks  below. 

tc 

a 

Max. 

2627  : 

June  12 

23 

+    6 

From  my  elements  below. 

£( 

a 

Max. 

2658 

July  13 

23 

0 

11           (f                (1                      l( 

5887.  Probably  earlier.  At  periods  11,  12.  13,  18,  and  22,  there  appear  to  have  beeu  maxima  observed  30  or  40  days  later.  At 
11  and  22,  both  are  recorded.  I  therefore  continued  the  observation,  although  the  variable  had  fallen  0M,4,  and  observed  a  second 
maximum  at  2G58,  Jan.  13.  Making  the  epoch  2  605  652,  and  the  period  303  days,  and  a  secondary  maximum  37  days  later,  sometimes 
mistaken  for  the  principal  maximum,  explains  the  principal  discrepancies  in  the  observations.  The  secondary  maximum  nearly  equals, 
and  possibly  may  sometimes  exceed,  the  first. 


The  individual  observations,  upon  which  my  results  are 
based,  will  be  given  in  compact  form  as  in  the  following 
table.  In  each  column  there  are  given,  first  the  two  dates 
for  each  observation,  omitting  as  before  the  first  three  figures, 
aud  secondly,  the  observed  magnitude  upon  the  scale  al- 
ready described.  When  the  magnitudes  are  given  onl}7 
to  one  place  of  decimals,  it  indicates  a  visual  comparison 
upon  Argklanuek's  plan,  with  comparison-stars  whose 
photometric  magnitudes  had  previously  beeu  observed. 
When  two  places  of  decimals  are  given,  it  indicates  pho- 
tometric observation, —  a  single  observation  consisting  of 
two  extinctions  of  the  variable,  and  a  suitable  number  of 
extinctions  of  comparison-stars.  An  inferior  2,  following  a 
photometric    magnitude,   indicates  four  extinctions  of  the 


variable,  and  usually  sixteen  extinctions  of  comparison- 
stars.  Occasionally  more  than  four  extinctions  of  the  vari- 
able were  observed,  as  indicated  by  the  inferiors  appended. 
When  a  variable  could  not  be  seen,  the  magnitude  is  given 
of  the  faintest  visible  comparison-star,  sometimes  reduced 
several  tenths  by  estimation,  in  order  to  show  the  condition 
of  the  sky  and  the  telescope,  making  it  certain  that  the 
variable  was  less  than  the  magnitude  stated.  In  this  case 
the  magnitude  is  followed  by  a  reversed  bracket.  Thus, 
12.0]  indicates  that  if  the  variable  had  been  of  the  12.0 
magnitude  it  would  have  been  seen.  Sometimes,  from  the 
absence  of  faint  comparison-stars,  the  limit  thus  fixed  is 
undoubtedly  much  too  bright. 


Individual  Oijservations. 


432  S  Cassiopeae 

1717    VTauri- 

—  Cont. 

1986   TOrionis 

2266  VMonoc—  Cont. 

2684  S  Can.min 

— Cont. 

Julian    Calendar 

Mag. 

Julian     Calendar 

Mag. 

Julian 

Calendar 

Mag. 

Julian    Calendar     Mag. 

Julian 

Calendar 

Mag. 

d            1803 

d              1898 

,1 

1893 

d            1893 

d 

1S93 

2483     Jan.  19 

10.2 

2536     Mar.  13 

9.72., 

2498 

Feb.    3 

11.0 

2530     Mar.   7       7.31 

2511 

Feb. 16 

8.1 

2552     Mar.  29 

8.8 

2539               16 

9.95." 

2509 

14 

10.3 

2551              28       8.8 

2515 

20 

8.4 

2556     Apr.    2 

9.2 

2541               18 

9.9L 

2529 

Mar.   6 

10.2 

2526 

Mar.   3 

7.832 

2569               15 

8.5 

2543              20 

10.4 

2535 

12 

11.0] 

2539  R  Canis  miuoris 

2536 

13 

8.03, 

2577              23 

9.2 

2544              21 

10.082 

2544 

21 

11.2 

250S     Feb.    8       8.8 
2529     Mar.    6        8.1 

2544 
2556 

21 
Apr.    2 

7.50., 
7.87o 

1717    VTauri 
2472     Jan.    8     12.8] 

1923  S  Aurigae 

2266   VMonocerotis 

2544              21        8.2 
2556     Apr.    2       8.0 
2559                5       8.24„ 

2691 

T  Canis  minoris 

2480              1 6 

12.8] 

2485     Jan.  21 

11.0 

2498 

Feb.    3 

6.3 

2503 

Feb.    8 

11.9 

2484              20 

12.9 

2530     Mar.   7 

10.2 

2503 

8 

6.0 

2529 

Mar.   6 

11.6 

2498     Feb.    3 

12.0 

2558     Apr.    4 

10.5 

2509 

14 

6.3 

2625    V  Geminorum 

2536 

13 

11.6 

2509              14 

10.8 

2511 

16 

6.5 

2  :,i  4 

21 

11.0] 

2511               16 

10.8 

2515 

20 

6.8 

2498     Feb.    3     10.0 

2558 

Apr.    4 

11.6 

2515              20 

11.1 

1953   T  Am 

igae 

25 1 7 

22 

6.8 

2560 

6 

11.62, 

2517              22 

10.6 

2485     Jan.  21 

10.7 

2522 

27 

7.0 

2684  S  Canis  minoris 

2570 

16 

11.94,, 

2529     Mar.    6 

10.5 

2530     Mar.    7 

10.9 

2524 

Mar.    1 

6.87„ 

2503     Feb.    8       8.0 

2590 

May     6 

11.9 

2535              1 2 

10.5 

2558     Apr.    4 

10.8 

2525 

2 

6.98,, 

2509               14       8.1 

2591 

7 

11.90 
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2735  U  Canis  minoris 

Julian  Calendar  Mag. 

d  less 

2503  Feb.    8  10.8 

2529  Mar.    6  11.3 

2544  21  11.1] 

2558  Apr.    4  12.9 

2560  6  13.0 

2570  16  12.9 

2590  May    6  11.0 

2591  7  11.57, 

2742  S  Geminorum 

2503  Feb.  8  9.6 

2529  Mar.  6  9.2 

2539      16  9.3 

2541      18  9.4 

2544      21  9.2 

2556  Apr.  2  9.03, 

2  9.3 

2558      4  9.49. 

2560      6  9.29.. 

2565      11  9.67, 

2780  T  Geminorum 

2503  Feb.  8  8.8 

2509  14  8.8 

2511  16  8.8 

2515  20  8.8 

2529  Mar.    6  8.8 

2539  16  9.2 

2544  21  9.5 

2815   U  Geminorum 

2529  Mar.  6  to 
2565     Apr.  11     11.7] 

1 1  dates 

3060  U  Canis  minoris 

2509  Feb.  14     12.2 

2530  Mar.  7  12.2 
2544  21  10.2 
2558  Apr.    4     11.2 

5761,  2679.     Haze. 


3060  UCan.min.—  Cont. 

Julian  Calendar  Mag. 

d  1893 

2559     Apr.  5  11.21, 

2565  11  10.61s 

2570  16  Id.:;:;., 

2572  18  9.84, 

2577  2:;  10.20, 

3994  S  Leon  is 

2509     Feb.  14  11.0 

2511  16  11.1 

2515  20  11.:: 

253U       Mar.  7  11.3 


43 

77   T  Virginia 

2530 

Mar.    7' 

11.0] 

2536 

13 

12.0 

2558 

Apr.    4 

L2.8: 

2570 

III 

12.9: 

2623 

June    8 

12.5] 

2627 
2646 
2647 

12 

July    1 

•> 

12.8] 
12.0] 
12.0] 

4l:i2    Y  Virginia 

2517 

Feb.  22 

11.5] 

2530 

Mar.    7 

11.0] 

2536 

l:; 

12. 5J 

2558 
2559 

Apr.    4 
5 

12.2 
12.00 

2565 

11 

12.1 

2570 

16 

11.3 

2572 

IS 

11.33, 

•J.'i  7  7 

23 

10.50 

2590 
259  J 

May    6 

7 

9.7 

9.50, 

2593 

9 

9.53, 

2596 

12 

9.31, 

2603 

19 

9.32, 

2608 

2  1 

9.56, 

2614 

30 

9.55, 

2623 

June   8 

9.82 

4596   U  Virginia 
Julian  Calendar      Mag. 

d 

2511      Feb.  16      8.6 

2517  22 

2530     Mar.    7       9.0 

5037   RR  Virginia 
2623     June   8      12.5] 

2646  July    1     12.7] 

2647  2     12.7] 
2654  9     12.7] 

5070    ZVinjiiiis 
2623     June    6     12.6 

2646  July    1     12.6 

2647  2      12.6" 
2654  9     12.6 


5438  T Librae  —  Cont. 
Julian  Calendar       Mag. 

d 

2683  Aug.  7  10  30 
2689      13  10.48, 
2706      30  11.88* 


5494  S  Librae 
2590  May  6   8.7 
2603     *  19   8.86, 
2608      24   8.41, 
2615      31   8.83,, 

5583  X  Librae 
2590  May  6  12.1 


5338  UBn,,Hs 


2517 
2536 
25  I  i 
2558 
2570 
2572 
2590 
2623 
■J  IV.' 7 
2633 
2635 
2668 
2701 
2705 
271.". 
2719 
272:1 
2737 


Feb. 

Mai 

Apr. 


May 

June 


22 

1 

21 
4 

16 

18 

6 

8 

12 

18 

20 

July  23 

Aug. 25 

29 

Sep.  6 

12 

16 

30 


11. 
10. 
10 
10 
10 

11 

11 

12 
12 

12 

12 
12 

11 
11 
11 
10 
11 
11 


1 
4 
2 

5 

:i 
2 

5 
7 

82, 
85, 
32a 
16, 
.42, 
23, 
,25„ 
82," 
.18, 
,60, 


2591 
2. V.l  3 
2594 
2603 
2608 

2il  15 


7  11.85, 

9  12.0 

10  11.86, 

19  11.85, 

24  12.0 

31  12.2 


Julian 

d 

2627 
2633 

2647 
2654 
2660 
2664 
2U  7  5 
2679 
2681 
2684 
2687 
2689 
2691 


61  ZScoqrii 


2616  June  1   12.47, 

5617  U  Librae 
2591  May  7   9.6 


2593 
2594 
2603 
2608 
2615 


1 

9  9.7 

10  9.77, 

19  9.66, 

24  9.88, 

31  9.74, 


5438  Y Librae 

2681  Aug.  5  10.3 

2682  6  10.22, 


2616  June  1  10.26, 

5677  R  Serpentis 

2647  July  2  12.5 

2694  Aug,  18  9.5 

2702  26  9.43, 

2713  Sep.  6  8.54 

2724  17  7.5.S,, 

2739  Oct.  2  6.98s 

2749  12   7.39, 

2762  25   7.41, 


Calendar 

June  12 
18 
July  2 
9 
15 
19 
30 
3 
5 
8 
11 
13 
15 


Aug 


Mag. 

1-.'..". 

12.48, 

12.11, 

11.77., 

1  1.2'.r. 

11.17., 

10.17. 

10.9 

10.182 

10.38, 

10.08, 

10.15s 

10.274 


5795    WScorpii 
2627     Juuel2      11.9 
2633  18     12.1 

5830  RScorpii 
2627     June  12     12.1 
2647     July    2      to 
2685     Aug.  9     13.0] 

5831  SScoipii 
2627  June  12  13.0] 
2647  July     2  12.5 
2652  7  12.2V 
2655  10  11.71, 
2661  16  11.87, 
2666  21  11.58 
2678  Aug.  2  11.31s 
2682  6  11.  is., 
2685  9  11.68, 

5887   VOphiuchi 

2627  June  12  7.9 

2633  18  7.94, 

2615  30  8.24, 

2652  Julv     7  8.29 

2661  "    16  8.03, 

2668  23  8.50, 


OBSERVATIONS   OF   THE    GEGENSCHEIN  OR   ZODIACAL   (  OUXTERGLOW. 


MADE  AT  THE  IKK  OBSERVATORY  DIKIXO  SEPTEMBER  AXD  OCTOBER, 

By  E.  E.  BARNARD. 


is:'::. 


In  the  Astronomical  Journal .  no.  168,  p.  186,  I  have  given 
a  list  of  observations  of  the  '  Gegenachein .'  made  al  Nashville, 
Tennessee,  600  feet  above  the  sea.  and  which  were  obtained 
between  the  years  I880  and  1887.  And  in  no.  243,  p.  19, 
of  the  same  Journal,  a  further  list  is  given,  extending  from 
1888  to  1891,  and  made  at  Mt.  Hamilton,  4200  feet  above 

the  sea. 

In  these  two  papers  are  given  the  observed  positions  of 
the  'Gegenachein,'  and  its  deviations,  both  from  the  ecliptic 
and  from  a  point  in  exact  opposition  to  the  sun. 

Several  facts  concerning  this  singular  object  were  there 
brought  forth  which  were  not  previously  known.  One  of 
these  was  its  regular  change  of  form  after  having  passed 


the  vernal  equinox  ;  the  other,  the  fact  that  its  mean  longi- 
tude is  slightly  less  than  O  +180°.  or  in  other  words,  il  i> 
no(  quite  opposite  the  sun  in  longitude — the  mean  of  the 
observations  always  placing  it  a  little  less  than  exact  oppo- 
sition. Ii  was  previously  known  that  the  lQegenachein'  is 
always  placed  a  little  north  of  the  ecliptic.  Observations 
made  the  present  year  confirm  all  these  facts. 

In  this  Journal,  no.  243,  p.  90,  I  called  attention  to  the 
need  of  observations  made  in  the  southern  hemisphere  to 
seltle  the  question  whether  the  northern  latitude  of  the 
might  not  be  an  effect  produced  by  atmospheric 
absorption.  It  is  to  be  hoped  that  the  present  year  will 
settle  this  question. 
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At  the  request  of  Professor  E.  C.  Pickering,  Professor 
Bailt  has  been  making  observations  of  the  position  of  the 
'Gegenschein  'during  September  and<  October  past  at  Arequipa, 
and  in  conjunction  with  his  observations  1  have  made  simi- 
lar ones  here.  Part  of  this  period  was  also  covered  by  Pro- 
fessor Arthur  Searle,  at  Strafford,  Vermont,  the  summer 
home  of  Dr.  Chandler.  Professor  Searle  was  fortunate 
in  securing  good  observations  during  the  time  his  visit  to 
Strafford  permitted.  It  is  too  early  yet  to  hear  from  Pro- 
fessor Bailt,  but  doubtless  he  has  secured  good  observa- 
tions, as  lie  will  have  had  clear  weather  at  Arequipa,  which 
will  have  assured  him  good  opportunities  to  observe  this 
phenomenon  from  a  favorable  station. 

My  present  observations  have  been  made  with  the  great- 
est care,  and  their  close  agreement  with  the  condition  of 
exact  opposition  is  remarkable,  considering  the  diffuse  and 
indefinite  nature  of  the  phenomenon. 

In  determining  the  position  of  an  object  like  the  'Gegen- 
schein,' it  is  easy  to  make  an  error  of  two  or  three  degrees  in 
the  location  of  its  center,  unless  special  care  is  taken.  How- 
ever, when  great  pains  are  taken,  it  can  nearly  always  be 
located  to  within  one  degree.  In  fixing  its  center,  one  has 
to  study  it  very  carefully,  and  it  very  often  takes  from  a 
half  to  three-quarters  of  an  hour  before  one  is  certain  just 
where  its  center  is.  Here  this  is  done  on  the  house  top, 
where  no  light  can  strike  the  eye.  It  is  necessary  to  ex- 
clude the  bright  stars  and  planets  from  the  view  by  a  shield 
of  some  kind.  When  finally  one  is  certain  of  its  location, 
it  is  referred  to  some  faint  star  near  it.  If  this  star  is  more 
than  three  or  four  degrees  distant,  the  position  of  the  cen- 
ter of  the  'Gegenscheiu'  is  fixed  in  the  mind,  and  the  12-inch 
is  pointed  exactly  to  it  by  sighting  along  the  tube,  and  the 
resulting  place  determined  from  the  pointings. 

Professor  Searle  has  given  an  excellent  method  of  ob- 
serving such  objects,  in  the  Astr.  Nachr.,  no.  3155.  However, 
1  think  the  method  I  have  followed  above  will  give  perhaps 
the  most  satisfactory  results  for  the  'Gegenschein,'  since  one 
will  be  locating  its  center  in  the  sky,  and  is  not  troubled  by 
frequent  reference  to  a  lantern  and  map  from  which  the  cen- 
ter is  afterwards  to  be  determined  from  contour  lines. 

I  have  not  at  any  time  during  these  observations  known 
just  whew  the  ' G 'egenschein'  should  be  —  that  is,  I  have  kept 
myself  from  any  knowledge  of  the  point  of  the  sky  exactly 
opposite  the  sun.  The  observations,  also,  have  not  been 
reduced  until  the  moon  has  closed  observations  for  the 
month.  They  are  therefore  distinctly  free  from  any  preju- 
dice in  that  respect.  Indeed,  when  carefully  observed,  I 
do  not  think  one  could  be  prejudiced  in  locating  the  'Gegen- 
scheiu '  by  a  previous  knowledge  of  just  where  it  ought  to  be, 
if  he  is  used  to  observing  it,  because  of  the  small  uncertainty 
in  determining  the  position  of  its  center.  A  displacement 
of  as  much  as  two  degrees,  ordinarily,  would  be  offensively 
out. 

Following  are  the  observations  which  I  have  obtained  of 


the  position  of  the  center  of  the  '■Gegenscheiu  '  during  Septem- 
ber and  October  of  this  year.  Jupiter,  the  Pleiades,  and  the 
Milky  Way,  will  prevent  any  further  observations  during 
1893. 

Observed  Positions  of  the  Center  of  the  Gegenschein, 

MADE   AT  MT.  HAMILTON,    LICK    OBSERVATORY,   CALIFORNIA. 


Mt.  Hamilton 

M.T. 

a 

3 

>. 

3        A— 0 

A 

1893 

h     m 

li    in 

o 

o 

o                    o 

O 

Aug.  31 

8  24 

22  45 

—  8.2 

339.6 

—0.2   180.7 

+  0.7 

Sept.    1 

8  54 

22   17 

—  8.2 

340.1 

+  0.4 

181.9 

+  1.9 

2 

9  14 

22    17 

—  7.2 

310.5 

—0.6 

179.5 

—0.5 

3 

10    8 

22  53 

—  6.9 

311.9 

+  0.2 

180.0 

0.0 

8 

11     4 

23     1 

—  3.6 

345.2 

+  2.9 

178.5 

—  1.5 

9 

11  11 

23     9 

—  4.6 

346.5 

+  0.7 

178.7 

—  1.3 

9 

13  54 

23  21 

—  3.8 

349.5 

+  0.3 

181.6 

+  1.6 

13 

10  24 

23  25 

-   3.1 

350.8 

+  0.6 

179.1 

—0.9 

13 

12  27 

23  26 

—  3.4 

350.8 

+  0.2 

179.1 

-0.9 

15 

10     9 

23  35 

—  2.7 

353.2 

0.0 

17'.).  6 

—0  4 

16 

11  15 

23  33 

—  1.5 

353.2 

+  1.3 

178.6 

—  1.4 

18 

11  54 

23  49 

—  0.5 

357.3 

+  0.6 

180.7 

+  0.7 

20 

11     9 

23  55 

+    1.3 

358.4 

+  0.6 

179.7 

—0.3 

Oct.     1 

9  33 

0  30 

+   3.5 

8.3 

+  0.2 

179.1 

—0.9 

3 

9  53 

0  41 

+   3.3 

10.7 

—  1.0 

179.5 

—0.5 

4 

11  48 

0  43 

+   4.8 

11.8 

+  0.2 

179.5 

—0.5 

6 

10  12 

0  49 

+   6.0 

13.6 

+  1.3 

179.3 

—0.7 

7 

10  53 

0  57 

+   5.8 

15.4 

—0.3 

180.1 

+  0.1 

9 

9  18 

0  57 

+    7.3 

16.6 

+  0.8 

179.5 

—0.5 

11 

1  2  23 

1     8 

+   8.0 

18.7 

+  0.7 

179.5 

—0.5 

16 

12  28 

1   21 

+  10.8 

23.4 

+  1.8 

179.3 

—0.7 

18 

12  23 

1   29 
Mean 

+  10.8 

24.5 

+  1.4 

178.3 

—  1.7 

+  0.5 

—0.4 

A  is  the  difference,  greater  or  less,  than  (/. — 0)  =  180° 

It  will  be  well  here  to  briefly  state  again  a  few  of  the  facts 
that  have  been  brought  forth  during  my  observations,  which 
extend  over  an  interval  of  ten  years. 

In  July  the  •Gegenschein '  is  small  and  round,  less  than  10° 
in  diameter.  After  crossing  the  Milky  Way  in  the  Scorpion 
and  Sagittarius  it  is  largest  —  some  20°  in  diameter  ;  round, 
and  gradually  brighter  in  the  middle  ;  dense  and  hazy.  It 
is  then  not  connected  with  any  zodiacal  baud.  It  remains 
thus  without  special  change  until  September  and  October, 
when  near  the  vernal  equinox.  Here  it  becomes  elongated 
along  the  ecliptic,  and  is  connected  with  a  narrow  zodiacal 
band,  which  is  some  4°  in  width.  After  this  the  'Gegenschein  ' 
narrows  down  very  much,  until  by  November  and  February 
it  is  reduced  to  simply  a  swelling  and  intensification  of  the 
zodiacal  band,  and  is  only  5°  or  6°  in  breadth,  north  and 
south  ;  and  in  general  it  remains  thus  until  in  April.  At 
two  points  in  its  path  it  is  lost  in  the  Milky  Way  —  iu 
Sagittarius  and  in  Gemini. 

The  'Gegenschein'  is  always  sensibly,  but  very  gradually 
brighter  in  the  middle.  It  never  has  the  appearance  of 
nebulous  matter,  but  looks  as  if  it  were  light  reflected  from 
infinitely  small  particles  of  dust.  Iu  connection  with  the 
appearance  of  this  object,  and  my  statement  that  it  is  gradu- 
ally  brighter    in   the   middle,   I    understand   that  Professor 
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W.  H.  Pickering  saw  it  at  Arequipa  as  a  large  auuulua  — 
a  ring  of  light  with  :i  dark  center.  Besides  the  changes  of 
form,  and  its  connection  with  a  zodiacal  band.  I  think  my 
observations  pretty  conclusively  show  that  the  '■Gegenschein' 
lags  behind  a  point  exactly  opposite  the  sun,  i.e.  its  longi- 
tude is  less  than  180°  greater  than  the  sun's  longitude.  For 
if  we  take  the  means  of  these  quantities  for  the  different 
series  of  observations  which  I  have  published,  we  have 


From  1883  to  1887  l  —  Q  —  179". 4 
From  1888  to  1891  l  —  Q  —  1  71)  A 
Sept.  and  Oct.  1893         ;.  — O  =  179  .6 


16  observations 
16  " 

90  it 


It  is  just  possible  that  this  peculiarity  is  due  to  atmos- 
pheric absorption,  as  the  majority  of  the  observations  have 
been  made  to  the  east  of  the  meridian,  where  the  absorption 
of  the  air  would  have  a  tendency  to  make  the  center  of 
brightness  less  in  longitude  than  it  really  was. 

As  I  have  previously  said,  my  observations  do  not  seem 
to  show  any  decided  parallax  to  the  object.  If  its  distance 
were  less  than  half  that  of  the  moon,  its  displacement  would 
be  detected  in  the  observations. 

Still  the  query  if  it  may  not  be  an  atmospheric  phenome- 
non —  some  sort  of  abnormal  refraction  —  is  yet  a  legitimate 
one,  though  the  absence  of  parallax  is  fatal  to  it. 

These  observations  support  and  confirm  the  fact  that  the 
L  Gegenschein'  has  always  a  north  latitude,  as  shown  by  the 
following : 

From  1883  to  1887         p1  =  +  0°.4  16  observations 

From  1888  to  1891         §  =  +1  .3  16 

1893         p1  =   +0  .5         22  " 

The  observations  of  Professor  Bailt,  when  published  by 
Prof.  E.  C.  Pickering,  will  doubtless  remove  any  ambiguity  in 
this,  and  show  whether  the  observed  north  latitude  is  not  due 
to  atmospheric  absorption.  If  this  is  shown  to  be  the  case, 
then  the  lagging  of  the  longitude  of  the  '■Gegenschein'  from 
I —  ©  =   180°     will  be  explained  in  the  same  manner. 

NOTES. 

August  31.     A  roundish  indefinite  glow,  very  hazy.     Probably  15° 

in  diameter,  but  too  low  to  be  well  seen. 

September  1.  Roundish,  15°  in  diameter.  No  definite  boundary 
or  form  ;  only  a  feeble,  but  a  decided  glow. 

Sept.  2.  Very  vague  and  hazy.  At  least  20D  in  diameter.  There 
is  possibly  a  diffusion  west,  though  the  Gegenschein  is  essentially 
round. 

Sept.  3.  Sky  whitish,  and  Gegenschein  but  faintly  seen.  It  is 
impossible  to  tell  its  extent,  but  it  is  roundish.  At  llh30"\  with 
the  nearly  half  moon  some  four  degrees  above  the  horizon,  the 
Gegenschein  can  still  be  seen  distinctly.  The  moon  is  red,  and  its 
light  has  little  effect  in  dulling  the  Gegenschein. 

Sept.  8.  Very diflhsed  and  feeble.  Frequent  fugging  of  the  sky, 
and  position  not  good. 

Mr.  Hamilton,  Cat.,  1893  Oct.  28. 


Sept.  9.  At  Uh  it  is  better  seen.  It  is  indefinite  and  hazy.  15° 
in  diameter. 

Sept.  11.  Very  diluted  and  diffused.  Too  difficult  to  be  sure  of 
location.     Sky  very  poor. 

Sept.  13.  Very  diluted  and  hazy.  Possibly  extended  along  the 
ecliptic  Some  15°  in  diameter.  It  seems  fainter  to-night,  though 
the  sky  is  good.  There  may  be  a  zodiacal  extension  w,  si  alon 
ecliptic,  but  I  think  there  is  none  to  the  east.  Later,  it  is  better 
seen.  There  is  a  very  faint  zodiacal  band  running  from  the 
of  Jupiter  to  it.  This  band  is  4°  or  5°  broad.  The  Gegenschein  is 
too  low  to  show  anything  to  the  west  of  it. 

Sept.  15.  Dense,  hazy  and  roundish,  15°  in  diameter.  I  think 
there  is  an  extension  for  20°  east  and  west.  Later,  after  midnight, 
it  is  very  large,  and  is  extended  along  the  ecliptic. 

Sept.  1G.     Very  diffused,  indefinite,  hazy  and  round. 

Sept.  18.  Dense,  and  widely  diffused.  Very  large;  very  indefi- 
nite in  form,  but  roundish. 

Sept.  20.  Very  hazy;  15°  diameter  north  and  south.  There  is 
but  little  extension  to  the  west  —  too  low?  A  zodiacal  band  from 
it  to  Jupiter. 

15h  -k)1".  zodiacal  light  in  the  east.  It  is  bright  — near  the  middle 
of  the  axis  it  is  twice  as  bright  as  the  Milky  Way  near  Sinus.  Its 
axis  passes  1°  north  of  y  Geminorum,  ami  at  the  base  of  the  cone  on 
the  horizon  passes  2°  north  of  Regulus,  The  axis  also  passes  1° 
south  of  6  Cancri.  Its  junction  with  the  Milky  Way  is  distinctly 
marked. 

16h  0m,  the  extreme  northern  limit  of  the  cone  is  2°  north  of 
}  Leon  is. 

16h  2om.  the  northern  limit  is  now  at  j  Leonis :  i  Leonis  also  limits 
the  north  edge,  The  southern  edge  is  better  defined;  the  north 
edge  is  very  much  diffused.  The  zodiacal  light  is  a  very  bright 
object. 

Oct.  1.  Sky  very  poor—  milky.  Gegenschein  fairly  well  seen  as 
a  large,  dense  haze;  roundish,  from  15°  to  20°  in  diameter.  It  is 
probably  elongated,  but  it  is  not  possible  to  be  certain  of  this;  i 
think,  however,  that  there  is  an  elongation  along  the  ecliptic. 

lit.  2.  At  II1'  it  was  certainly  extended  along  the  ecliptic;  no 
time  to  observe  position. 

Oct.  4.  Very  large  and  dense.  Sky  clear.  It  is  20°  in  diameter, 
sensibly  elongated.  There  is  a  zodiacal  band  from  it  east  and  west. 
The  Gegenschein  is  very  dense,  and  could  scarcely  lie  missed  by  any 
one  looking  only  casually  in  its  direction. 

Oct.  5.     Very  elongated.     No  time  to  observe  position. 

Oct.  6.  Sky  whitish.  Gegenschein  is  distinctly  seen.  It  is  elon- 
gated. A  zodiacal  band  runs  from  it  to  Jupiter.  The  axis  of  this 
band  would  pass  through  Jupiter.  The  west  part  of  the  zodiacal 
band  is  not  so  distinct. 

Oct.  7.     Sky  poor.     The  brightest  part  of  the  Gegenschi  in  is  very 

dense  for  G°  or  8°. 

Oct.  9.  Seen  through  intervals  in  drifting  fog.  It  is  dense.  It 
is  so  dense  as  to  effect  the  light  of  the  stars  near  its  center.  20°  iu 
diameter,  and  possibly  a  little  extended,  but  very  dense. 

Oct.  11.      i:ih  40'",  very  elongated;   15°X  25°. 
15'1  0'",  very  elongated. 

Oct.  18.  It  is  simply  an  intensification  and  swelling  of  a  long 
zodiacal  band.     Tin-  Gegenschein  proper  is  not  over  10°  in  diameter 

north  and  south.     It  stretches  along  the  ecliptic  for  at  least  26°. 

In  conclusion,  I  would  say  that  I  believe  the  latitude  of 
the  '■Gegenschein,'  and  the  laggfiig  in  longitude,  are  due  to 
atmospheric  absorption,  and  that  this  object  is  exactly  oppo- 
site the  sun,  and  that  it  lies  in  the  ecliptic,  and  if  its  center 
were  a  definite  point  the  position  of  the  sun  could  be  accu- 
rately determined  from  observations  of  the  '  Gegenschein,' hy 
changing  the  sign  of  the  declination,  ami  subtracting  1 -'' 
from  the  right-ascension. 
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EPHEMERIDES  OF  LONG-PERIOD  VARIABLES  FOR  1894, 

By  s.  c.  chandler. 


The  following  tables  of  maxima  and  minima  of  variables 
of  long  period  have  been  calculated  from  the  elements  of 
the  Second  Catalogue  (A. J.  300).  Only  stars  with  periods 
of  more  than  four  months  are  included.  Two  or  three  stars 
have  been  omitted  whose  elements  are  too  uncertain  to  be  of 
service  for  purposes  of  prediction. 

Instead  of  adopting  a  strictly  chronological  arrangement, 
the  stars  whose  maxima  and  minima  occur  in  each  month 
are  placed  in  older  of  right-ascension.  1  have  found  this  to 
be  the  most  convenient  form  in  practice,  for  making  a 
working  list  for  observation.  The  line  for  each  star  con- 
tains its  number  and  name,  followed  by  the  day  of  the  month 
on  which  its  computed  phase  occurs.  A  colon  is  placed 
against  the  date,  when  the  elements  are  noted  in  the  Cata- 
logue as  uncertain. 

Especial  attention  is  directed  to  the  remarks  in  the  last 
column  of  the  introduction  to  the  Catalogue. 

In  the  ephemeris  of  minima,  only  those  stars  are  included 
for  which  data  exist  in  the  column  M- — m  of  the  Catalogue. 
Our  knowledge  in  this  regard  is  still  very  defective,  although 
ParkhdrST  and  Townley  have  done  much  to  ameliorate  this 
condition  of  affairs.     Observers  having  access  to  large  tele- 


scopes, who  desire  to  determine  minima  of  stars  for  which 
the  Catalogue  does  nut  give  the  interval  by  which  the  minima 
precede  the  maxima  (M—  m),  can  find  the  approximate 
times,  in  order  to  prepare  for  observation,  by  interpolating 
them  from  the  table  of  maxima;  remembering  that  in  most 
cases  the  increase  is  somewhat  move  rapid  than  the  decrease. 
For  a  large  proportion  of  the  variables,  stars  of  identifica- 
tion are  given  in  the  notes  to  the  Catalogue,  which  will 
facilitate  the  work  of  finding  the  variables  in  their  fainter 
stages.     (See  A.J.  VIII,  p.  114.) 

I  take  the  opportunity  to  make  the  following  corrections 
in  the  Catalogue  : 

1944  <S  Orionis.  Transpose  6  and  1 1  in  the  columns  M and 
m,  of  "  Basis  of  Elements." 

1981  S  Camelopardalis.     Strike  out  period  of  111  days. 

4847  S  Virginia.  In  Julian  Epoch  of  Maximum,  for 
2407512  read  2397512. 

7560  R  Vidpeculae.  In  column  M—m,  for  6.20  read 
62.0. 

Also  in  table  in  Introduction,  equivalent  of  1893  Nov.  1, 
for  2765  read  2769. 


January 
114  6  Ceti  30 

1574TTTauri  8 

1582  £  Tauri  18 

1623  rCamelopard.  2  : 
1771  R  Leporis  10 
2100  f/Orionis  22 
2266  FMonocerotis26 
2691  !F  Canis  min.  22 
2742  5  Geminoruni  5 
5190  /RCamelopard.  3 
5338  CBootis  12 

5795  TFScorpii  19 

5831  S  Scorpii  17 
5950  TFIIercnlis  18 
5955  R  Dracouis  2  7 
6682  XOphiuchi  15 
6903  21  Sagittarii  10 
7428  FCygni  13 

February 

112  /JAudrom.  27 

806    o  Ceti  1  7 

845  BCeti  21 

2684  S  Canismin.  19 

2857  (JPuppis  13: 

3060  c/Cancri  13 

6624  rSerpentis  27 

7659  TCapricorni  16 

7733  FCapricorni  20 

March 
4  66  CTPiscium  16 
513  ftPiscium        23 


March 

1717  FTauri  1 

2539  R  Canis  min.  3 

3994  6'  Leouis  9 

4521  R  Virgiuis  19 

5037ftftVirginis  20 

5095  R  Ceutauri  31 

5504  6  Coronae  26 

5583  J  Librae  21 

5593  TFLibrae  12 

5688  R  Librae  28 

5856  IFOphiuchi  22 

5903  FScorpii  6 

6132  R  Ophiuchi  7 

7252  TrCapricorni  26 

7299  C/Cvoni  30 

7754  WCygni  24 

April 
782  ft  Arietis  10 

2583  L.2  Puppis  15 

3567  V  Leonis  1 1 

4596  U Virgiuis  2 

5770  R  Herculis  1 

7431  S  Delphini  9 

7455   C/Capricorni    19 
7571    FCapricorni    18 

May 

107  T  Cassiopeae  21 

906  ftTrianguli        2 

1574  IFTauri  29 

1577  R  Tauri  13 


Maxima,   1894 

May 

1855  R  Aurigae 

28 

2013  (JAuriijae 

6 

3170  S  Hvdrae 

31 

3637  i'  Cariuae 

3 

4847  5  Virgiuis 

11 

5501  6'  Serpeutis 

18 

5887  FOphiuchi 

7 

6512  T  Herculis 

21 

7542  6'  Aquilae 

20 

7909  S  Piscis  aus. 

31 

7944  T7  Pegasi 

19 

June 

2478  ft  Lyncis  22 
2625  FGemiuorum30 

2976  FCancri  17 

3493  R  Leonis  1 

4816  FVirginis  1 

4940  UTIvdrae  1 

5157  S  Bootis  8 

5194  F  Bootis  23 

5219  F Librae  26 

5494  S  Librae  19 

5644  Z  Librae  29 

5675  F  Coronae  3 

5776  X  Scorpii  2 

5830  R  Scorpii  30 

5889  (/Herculis  13 

6849  R  Aquilae  6 

7045  R  Cvgui  3 

7192  ZCygni  12 

7577  X  Capricoini  29 


Juue 
8230  S  Aquarii  1 

8373  S  Pegasi  25 

8600  R  Cassiopeae  24 

July 
243  U  Cassiopeae    3 
494  R  Sculptoris    14 
1222  ftPersei  2 

1582  5  Tauri  25? 

2528  R  Geminorum  2 
4315/2  Comae  10 

4407  R  Corvi  2 

4492  FVirginis  27 
5237  R  Bootis  2 

5338  U  Bootis  4 

5704  RR  Librae  24 
5761  Z  Scorpii  24 

5831  6'  Scorpii  13 

6905  R  Sagittarii  2 
6921  S  Sagittarii  6 
7261  R  Delphini  28 
8512  R  Aquarii  4 

August 

715  S  Arietis  8 

845/?  Ceti  7 

893  U  Ceti  18 

1717  FTauri  19 

2583  i.Puppis  30 

31  SI   rilvdrae  6 

341 8  R  Carinae  9 

3477  R  Leo.  min.  31 


August 

3825  R  UrsaeMaj.  8 

4511  T  UrsaeMaj.  17 

4521  .ft  Virgiuis  11 

4557  S  UrsaeMaj.  9 

5070  Z  Virgiuis  5 

5430  T  Librae  14 

5438  Y  Librae  7 

5617  U"  Librae  13 

5795  TFScorpii  29 

6044  S  Herculis  3 

7220  S  Cygni  28 
7560  R  Vulpeculae    7 

7609  2'Cephei  25 

7754  IFCygni  2 

7779  S  Cephei  16 

7907  U  Aquarii  30: 

8153  R  Lacertae  13 

8290  R  Pegasi  7 

8597  FCeti  30 

September 
466  c/Piscium  5 

976  T  Arietis  2 

2258  FAurigae         13: 
2735  ('Canismin.     18 
2780  T  Geminorum    7 
3637  5  Carinae         28 
3994  5  Leonis  20 

4948  R  Canis  Ven.  30 
5190  R  Camelop.  30 
5583  X  Librae  1 1 

5955  R  Dracouis      29 
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September 

7444 

TD 

slphini 

9 

7468 

T  A 

juarii 

16 

7  ;">  7 1 

Vd 

ipricorni 

22 

7733 

7Ci 

ipricorni 

14 

October 

782 

11  A 

•ictis 

13 

1574 

II'T 

ami 

17 

1635 

R  Reticuli 

5 

October 
1761  R  Ononis  4 

2742  S  Geininoi'um  26 
3890  WLeonis  II 

4377  Z1  Virginis  11 
4596  E7  Virginis  26 
5593  WLibrae  4 

5677  R  Serpentis  20 
5950  TTHerculis  2  1 
7242  S  Aquilae         13 


October 
7252  fPCapricorni    21 


November 
432  6'  Cassiopeae     6 

13  I   .S   Piscium 

1944  S  Ononis 
2946  R  Cancri 
5928  rOphinchi 
5931  SOphiuchi 


11 
26 

20 

:» 

00 


November 

December 

6512  rHerculis         2 

2857  t/Puppis          25 

7234  K  Capricorni    23  : 

3060  U  Cancri          12 

7455  U  Capricorni      8 

4826  R  Hydrae        30 

7659  T  Capricorni  13 

5338  1 '  Bootis           25 

5494  S  Librae          28 

December 

5776  X  Scorpii           8 

114  S  Ceti               17 

7120  x  Cvgni             -1 

2266  FMonocerotisl5 

7560  U  Vulpeculae  28 

2691   rCanismiu.     11 

7751  WCygni           1 1 

Minima.    1894. 


January 


432  5  Cassiopeae 

10 

513  R  Piscium 

0 

782  R  Arietis 

9 

906  BTrianguli 

3 

2478  R  Lyncis 

30 

3493  li  Leonis 

8 

4521  R  Virginis 

10 

4596  U Virginis 

4 

5095  M  Centauri 

30 

5157  S  Bootis 

29 

5583  X  Librae 

0 

6849  R  Aquilae 

13 

6905  R  Sagittarii 

25 

70-15  R  Cvgni 

4 

7560  It  VuJpeeulae 

19 

7754  JFCygni 

10 

8600  R  Cassiopeae 

5 

February 

715  S  Arietis 

24 

2583  L2Puppis 

14 

2625  FGeminorum 

16 

363  7  S  Carinae 

6 

6512  rHerculis 

24 

7192  Z  Cvgni 

7 

7609  rCephei 

13 

8290  R  Pegasi 

16 

March 
243  U  Cassiopeae  5 
49 1  li  Sculptoris      5  : 


March 
1222  i?  Persei  28 

1574  PPTauri  12 

1761  R  Orionis  1  : 

2528  R  Geininorum  l' 
2735  E7"  Canismin.  27 
2976  V  Cancri  7  : 

3418  R  Carinae  9 

3477  R  Leonis  min.  14 
5194  L  Bootis  18 

5237  R  Bootis  22 

5404  5  Librae  1 1  : 

604  1  S  Hercnlis  8 

6921  S  Sagittarii       18  : 
7242  S  Aquilae  9 

7577  X  Capricorni      5 

April 

434  S  Piscium  25  : 

976  T  Arietis  28 

3825  R  UrsaeMaj.  23 

4557  5  UrsaeMaj.  18 

5338  U  Bootis  15 

5795  TFScorpii  5 : 

7220  S  Cygni  6  : 


845  R  Ceti 
1582  5Tauri 
1717  FTauri 
1944  S  Orionis 


May 
29 
16? 
22 
16 


2213   i)  Geininorum  10 


3994  S  Leonis 
1492  Y  Virginis 
4511  T  UrsaeMaj. 
5190  R  Camelop. 
5430  T  Librae 
5677  R  Serpentis 
7754  PTCygni 


May 

18 


3 

1 
18 

1 
22 
21 


June 

4  66  U  Piscium  11 

274 2. S  Geininorum  21 

4521  R  Virginis  4 

4826  R  Hydrae  23 

5583  A"  Librae  13 

5950  PTHerculis  21 

5955  R  Draconis  9 

6682  XOphiuchi  22 

712H    xCvuni  15 

7468  rAquarii  20 

7560  R  Vulpeculae  6 

7659  T  Capricorni  29 


114  S  Ceti 
782  R  Arietis 
1574  PTTauri 
2583  LoPuppis 
294  6  R  Cancri 
3637  S  Carinae 
4596  U  Virginis 
5095  R  Centauri 


July 
25 
14 
31 

1 
18 

4 
30 

9 


July 
7252  ll'Capricorui  26 
7428  V Cygni  30 

August 
1771  R  Leporis  22 
2684  S  Canismin.  4 
6512  rHerculis  8 
7242  S  Aquilae  2 

September 

l!M  A'  Sculptoris  28 

806    o  Ceti  23 

906  R  Tlianguli  22 

2100  (JOrionis  5 

2639  R  Canismin.  21 

5494  S  Librae  20 

7131  S  Delphini  16 

775  1   II'C  y-ni  29 

October 

1 12  R  Androm.  25 

1222  R  Persei  22 

4521  R  Virginis  27 

5157  S  Bootis  2  1 

5338  E7Bootis  7 

6905  R  Sagittarii  20 

7192  Z  Cvgni  30 

7560  R  Vulpeculae  22 

7577  X  Capricorni  10 

November 

845  R  Ceti  12 

1577  R  Tauii  14 


November 

l582  5Tauri  19: 

1717  FTauri  8 

2583  L2Puppis  14 
2625  V  Geminorum20 

3493  R  Leonis  18 

3637  8  Carinae  -'i'1 

3994  S  Leonis  28: 

4557  S  UrsaeMaj.  27 

5194  V Bootis  29 

5237  R  Loot  is  2 

5504  S  Coronai'  26 

5  7'J5  TFScorpii  13  : 

6921  S  Sagittarii  4: 

7299  U  Cygni  19 

1  leci 

107  T  Cassiopeae  '.'A 

243  V  Cassiopeae  6 

166  V  Piscium  3 

715  JS  Arietis  13  : 

1574  TFTauri  19 

2213  i]  Geminorum  27 

2976  rCaueii  4 

4492  Y Virginis  8 

4847  S  Virginis  15 

5095  R  Centauri  17 

5430  T  Librae  25 

5583  X  Librae  8 

5675  FCoronae  5 

6849  R  Aquilae  2 

7242  S  Aquilae  27 


OBSERVATIONS  OF  COMET  c  1893  (brooks), 

MADIC    AT    THE   CINCINNATI   OHSKI'.VA  I  ol:  V  , 

By  J.  G.  PORTER. 


1893  Cincinnati  M.T. 

* 

No. 
Comp. 

-* 

#'sa 
a 

pparent 

8 

log 

for  a 

PA 

tor  i) 

Nov.    4 

h         in        s 

15  55  59 

1 

12 

—  o"'468.09 

—  I   20.2 

h          in        S 

12  50     7.9 9 

+  26  34  27.6 

n9.710 

0.690 

6 

16   17  48 

•> 

10 

+  0  36.28 

+  1    19.3 

12  53  52.22 

+  28  15   18.6 

n9.7l2 

0.649 

8 

16  31   34 

5 

6 

—4  48.49 

—  1   53.4 

12  5  7    16.54 

+  29  58  58.2 

n9.7l3 

0.61  1 

16  31   34 

6 

6 

—5  46.04 

-f-1    55.1 

12  57  46.12 

+  29  59     3.5 

a  9.7 1 3 

0.611 

14 

15  35  30 

7 

8 

+  2  48.76 

+  0  59.6 

13    10  41.03 

+  :',:>   27  57.9 

n9.750 

0.650 

18 

15  28     1 

8 

4 

+  3  56.46 

—0     3.2 

13  20    11.12 

+  39   26     3.9 

a  9. 773 

0.629 

15  28     1 

9 

8 

+  0   18.75 

—2  26.8 

13  20  41.52 

+  39    26      2.7 

n9.773 

0.629 

21 

17   12   14 

10 

12 

+  2  41.62 

—0  16.3 

13  29  20.20 

+  42   38   43.4 

)<9.743 

0.289 

17  t 
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Mean   Places  for  1893.0  of  Comparison- Stars. 

Ued.  in 

lied,  in 

* 

a 

app.  place 

8 

app.  place 

Authority 

ll           111          s 

O             1             tl 

1 

12  50  52.92 

+  1.16 

+  26  36     3.  2 

—  15.4 

Bessel  Weisse  XII,  989,90 

2 

12  58    14.77 

f  28    1  1    15.5 

Equatorial  comparison  with 

3 

12  51   -10.63 

+  1.17 

+  28  28    13.3 

—16.2 

Bessel  Weisse  XII,  1002,  and 

I 

12  .').'!  32.05 

■J- 28     3  26.8 

Bessel  Weisse  XII,  1030 

5 

13     2  33.89 

+  1.14 

+  30     1      8.6 

—  17.0 

Leiden  A.O.Z.  ;  4  obs. 

6 

13     3  31.02 

+  1.1  1 

+  29  57  25.4 

—17.0 

Leiden  A.i ; .'/..  ;  2  obs. 

7 

13     7  51.06 

+  1.21 

+  35  27   18.4 

—20.1 

Bonn  VI.  35°2422,  and  Lund.  A.G.Z.  ; 

2  obs. 

8 

13   16    13.48 

+  1 . 1  s 

+  39  26  29.1 

-22.0 

Lund.  A.G.Z.  ;  2  obs. 

it 

13  2o  21.62 

+  1.15 

+  39  28  51.4 

—21.9 

Lund.  A.G.Z.  ;  2  obs. 

[2101 

10 

13  26  37.-17 

+  1.11 

+  42  39  22.9 

—23.2 

Ptilk.  201 6,  Tar.  5690,  Biux.  5492,  Gr 

10-Yr. 

ELEMENTS   AND   EPHEMERIS   OF   COMET  c  1893  (bbookS), 


1893  Dec. 


By  PHILLIPS  ISHAM  and  J.  G.  POP.TEH 

The  elements  of  Comet  c,  which  were  published  in  no.  307 
of  the  A.J.,  prove  to  be  faulty,  owing  to  a  mistake  of  a 
minute  in  one  of  the  latitudes,  not  discovered  until  too 
late.  As  better  data  were  then  available,  Mr.  Isiiam  and 
myself  computed  a  new  orbit  from  observations  at  Ham- 
burg, Oct.  17,  and  Cincinnati,  Oct.  30  and  Nov.  14. 

The  deviation  of  the  middle  place  is 


(C— O)     J),  cosp1  —  7".5,     43  +3".0. 
=   1893  Sept.  19.3055  Berlin  M.T. 

lu 


I  =174°  54' 21" 

i  =  129    47  44    S-  1893.0 


w  ==  .147   33   10   ) 
log  q  =  9.91033 
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ANNOUNCEMENT   REGARDING  VARIABILITY   OF   TWO   STARS. 

Rev.  Mr.  Espin  announces,  under  date  of  Nov.  14,  that  an  anonymous  red  star,  situated  19h  7"'  16%  +25°  46'  (Eq. 
1855.0),  and  observed  by  him  Aug.  21  as  9M.0.  had  diminished  to  11™.  Also  that  he  had  photographically  confirmed  the 
variation  of  a  red  star,  in  19''  59m  6%  +36°  25'.  previously  announced  by  him.      No  details  are  given. 

NEW  ASTEROID. 

Prof.  Kreutz  has  communicated  the  discovery  of  another  asteroid  by  Prof.  Max  Wolf,  at  Heidelberg,  upon  his  photo- 
graphic plates : 
1893  .-10    13"    Nov.  6  9h  18m  Heidelberg  M.T.     a  =  2"  19'". 5,    8=  +  1 1°  22'.     Daily  motion,  —36s  in  a,  and  2'  southward. 


CON  T  E N T  S  . 
Notes  ox  Variable  Stars,  No.  1,  by  Mr.  Henry  M.  Parkhurst. 

Observations  of  the  Gegenschein  or  Zodiacal  Counterglow,  by  Prof.  E.  E.  Barnard. 
Ephemerides  of  Long-Period  Variables  for  1894,  by  Dr.  S.  C.  Chandler. 
Observations  of  Comet  c  1893  (Brooks),  by  Prof.  J.  G.  Pouter. 

Elements  and  Ephemeris  of  Comet  c  1893  (Brooks),  by  Mr.  Phillips  Isham  and  Prof.  J.  G.  Porter. 
Announcement  Regarding  Variability  of  Two  Stars. 
New  Asteroid. 
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OBSERVATIONS   OF    SUSPECTED   VARIABLE^, 

By  TAIL  S.  YEXDELL. 

A  maximum  is  indicated  on  Sept.  4,  and  a  comparison  of 
the  two  seasons'  observations  suggests  that  star's  period 
may  be  rather  more  than  a  year. 


(691)   —Persei. 
Since  the  observations  published  in  No.  279  of  this  Jour- 
nal, I  have  looked   for  this  star  frequently,  without  finding 
anything  so  bright  as   11"  in  its  place  ;  1  have  recorded  ob- 
servations on  the  following  dates: 


1892  Oct. 

2;; 

189: 

Jan. 

•20 

1 

29 

Feb. 

•1 

Nov 

8 

11 

Mar 

7 
is 

20 

Apr 

5 

24 

Oct. 

29 

Dec. 

7 
9 

Nov. 

10 

8.6 

1893  Oct.  9 

s.7 

8.6 

11 

8.7 

8.8 

18 

.s.7 

8.4  : 

Nov.  -1 

8.7 

8.8 

7 

8.8 

s.7 

(1279)  —  Camelopardalis. 
Since  publishing  the  observations  of  this  star  in  this  Jour- 
nal, No.  279,  I  have  secured  the  following  additional  ones  : 

1892  Oct.   22 

29 
Dec.  16 

1893  Apr.    4 
Sept.  13 

16 

There  remains  no  doubt  in  my  mind  that  the  star  is  abso- 
lutely constant.  It  is  very  red,  two  absorption-estimates 
agreeing  at  S.O  of  Chandler's  scale. 

(2170)   — Leporis. 

A  recent  observation  of  this  star,  taken  in  connection  with 
those  secured  in  January  and  February  of  this  year,  fully 
confirms  its  variability. 

Particulars  will  be  furnished  in  a  future  number. 

(6943)   —Sagittae. 

I  published,  in  No.  292  of  this  Journal,  a  few  observations 

of  this  star,  made   in   the   summer  of  1892  :   for  the  present 

season,  I  have,  up  to  this  date,  the  following  observations, 

which  I  consider  to  place  the  star's  variation  beyond  a  doubt. 


1893  Aug.  29 

3.9 

1893  Oct. 

14 

9.2 

Sept.  2 

8.6 

18 

9.1 

8 

8.6 

21 

9.1 

9 

8.9 

31 

9.1 

Oct.  6 

9.0 

Nov 

.  1 

9.2 

9 

9.0 

11 

9.3 

11 

9.0 

16 

9..". 

Birmingham  558. 

a  =  20"  18"'  45s.l,         6  =  +9°  3G'.0  (1S55). 
Birmingham  says  '-this  star  is  certainly  variable."  ami 
ipiotes  Argklaxiuii  in  support  of  the  statement.     I  have 

observations  as  follows  : 


1893Sept.l3     7.3 
Oct.    21      7.0 


Its  color  is  not  conspicuous,  a  single  observation  showing 
very  uncertainly  4.0  of  redness. 

Its  constancy  during  the  period  covered  by  the  observa- 
tions seems  beyond  a  doubt. 

(7351)   — Cygni. 
I  have  the  following  observations  of  this  star  : 


892  Aim.  13 

7.3 

16 

7.3 

21 

7.3 

29 

7.4 

Sept.  10 

7.4 

1892  Nov.  19 

9.2 

1893  May  1 1 

8.9 

22 

8.9 

June  10 

9.1 

Dec.  2 

8.6 

18 

9.1 

5 

8.6 

28 

8.9 

7 

9.1 

July  4 

9.0 

9 

8.3 

11 

9.0 

11 

8.9 

23 

9.0 

16 

8.3 

Aug.  29 

9.3 

22 

8.3 

Oct.  18 

9.4 

26 

8.3 

Nov.  7 

9.5 

29 

8.3 

16 

9.5 

At  the  end  of  the  season  of  1892,  I  considered  my  obser- 
vations,  although   showing   an   apparent    rise    fr 9*.2   to 

s ''..".,  lather  indecisive,  in  view  of  the  star's  strong  orange 
color,  seven  observations  showing  a  redness  of  7.0  .  but  the 
discordance  between  the  estimates  of  December  1892  and 
those  of  N<>\  ember  1893  is  too  great  to  be  attributed  t< 
color,  the  star  being  at  the  former  dates  conspicuous  in  my 
telescope,  and  at  present  quite  taint. 

I  consid  '  to  be  certainly  variable. 

(175) 
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SDM.  —4°  5257. 
a  =  20h  39m  95.5,        6  =  —4°  35'. 1  (1855). 

The  variability  of  a  star,  assumed  to  be  identical  with 
this,  is  announced  from  the  Harvard  College  Observatory 
(Aatronomische  Nachrichten,  3025);  photographic  magni- 
tudes of  8\6,  8M.6,  8M.4,  9M.  9\6   being  given. 

I  have  observations  as  follows  : 


1893  Jnlv  21  8.1 

1893  Sept.  13  8.2 

Aug.  30  8.2 

Oct.  14  8.1 

Sept.  9  8.1 

21  8.1 

The  star  is  but  slightly  colored,  three  observations  giving 
3.8  of  redness.  Dining  the  four  mouths  that  I  have  had  it 
under  observation,  it  has  certainly  been  constant. 

Its  place  was  published  in  an  announcement,  from  the  Har- 
vard College  Observatory,  of  photographically  discovered 
variables,  in  the  Astr.  Nachr.,  No.  3025,  p.  5,  as  follows, 
R.A.,  20"  41'". 3,  Decl.—  4°  26'  (1900).  This  place,  when 
reduced  to  the  equinox  of  1855,  so  nearly  coincided  with  the 
place  of  this  SDM.  star,  as  to  make  its  identity  therewith  a 
fair  assumption,  aud  the  star  was  accordingly  taken  under 
observation. 

After  the  above  observations  were  in  type,  it  came  to  my 
knowledge  that  in  a  later  volume  of  the  Nachrichten  there 
had  been  published  a  correction  to  the  place  given  in  the 
original  announcement,  the  corrected  a  being  20h43ra.l,  a 
difference  of  lm.8  from  the  first-published  place. 

In  this  connection,  1  beg  to  make  a  remark  with  reference 
to  the  criticism  in  '•'■Astronomy  and  Astrophysics,"  No.  118, 
p.  687.  It  is  often  exceedingly  difficult,  even  for  an  observer 
who  tries  to  be  careful,  to  recognize  the  correct  star,  ou  ac- 
count of  the  inaccuracy  of  the  positions  given  by  those  who 
announce  variability.  Different  positions  have  repeatedly 
been  given  for  the  same  stars  in  the  announcements  made  by 
the  Harvard  College  Observatory.  Thus  they  have  given 
places  differing  by  12"  in  a,  and  11'  in  d,  for  (1018)  —  Horo- 
logii;  by  3™  12"  in  a,  and  4'  in  S,  for  (2141)—  Octantis  ;  by 
12s  in  a,  and  5'  in  8,  for  (5174)  —  Virginia;  by  4m  6s  in  u, 
aud  1'  iu  8,  for  (6275) — Octantis;  by  6s  in  a,  and  1'  in  d, 
for  (7139)—  Sagiltarii ;  by  lm  0s  in  a,  for  (8594)  —  Tucanae  ; 
besides  the  one  first  quoted,  by  which  I  was  misled  into  ob- 
serving and  publishing  observations  of  the  wrong  star. 

And  in  this  case  only  was  the  change  noted  as  a  correction 
of  a  previous  announcement.  The  difficulty  is  increased  by 
the  fact  that  in  all  the  other  cases  the  places  were  published 
in  different  periodicals  at  different  times,  nothing  being  said 
to  call  attention  to  the  previous  errors  of  announcement. 

In  view  of  these  facts,  the  remarks  above  referred  to 
hardly  seem  justified.  If  merely  ordinary  care  is  exercised 
by  those  who  announce  cases  of  variability,  I  apprehend 
there  will  be  no  danger  of  errors  of  identification  by  those 

Dorchester,  1893  Nov.  19. 


who  busy  themselves    with   the    verification   of  announced 
variables. 

(7450)  — Aquarii. 

The  variability  of  this  star  was  announced  by  Df.Bai.i. 
(Astronomische  Nachrichten  3116),  with  full  details  of  com- 
parison-stars, and  numerous  estimates  of  observed  magni- 
tudes, from  which  he  deduces  two  maxima,  1891  Jan.  4± 
and  Oct.  4-5,  and  two  minima,  1890  Sept.  16?  and  1891 
Dec.  2  1  ? 

My  observations  from  1893  July  16  to  Nov.  9,  eighteen 
in  number,  fully  confirm  the  star's  variability.  Beginning 
at  the  former  date  with  a  magnitude  of  9.1,  they  show  a 
steady  iucrease  to  8M.l  on  Sept.  11,  and  8M.2  on  Oct.  5,  aud 
a  rapid  decline  to  9M.3,  which  was  the  magnitude  last  ob- 
served, Nov.  9. 

A  maximum  is  indicated  Sept.  22  ±.  Taking  this  in  con- 
nection with  De  Ball's  maxima,  above  quoted,  a  period  of 
about  eight  months  appears  possible. 

Iu  the  magnitude-estimates  here  given  of  my  own  obser- 
vations, I  have  used  the  Albany  values,  as  more  accordant 
with  the  light-scale  formed  from  my  own  comparisons  than 
are  those  given  by  DeBall. 

A  single  color-observation  gives  2.5  of  redness. 

(7458)  — Delphini. 

I  have  looked  for  this  star  sixteen  times  during  this 
season,  from  1893  Aug.  15  to  Nov.  18.  It  was  first  seen, 
and  estimated  at  11M.5  ou  Nov.  7.  since  which  it  has  in- 
creased rapidly,  two  regular  comparisons  having  been  made 
on  Nov.  16  aud  18,  on  both  of  which  occasions  it  was  esti- 
mated at  10M.0,  being  well  seen  during  bright  moonlight  at 
the  last  observation. 

The  star  is  certainly  variable. 

(8499)  —Aquarii. 
In  view  of  the  doubt  as  to  the  identity  of  this  star,  I  have 
mostly  used  the  method  of  sequences  in  observing  it ;  from 
my  observations,  twelve  iu  number,  extending  from  1893 
July  6  to  Nov.  1,  the  interval  between  103  and  104  appears 
to  be  constant,  the  observed  difference  varying  more  than  a 
single  step  from  its  mean  value  in  only  one  instance. 

(8617)  —  Cassiopeae. 

Between  1891  Sept.  2  and  1893  Nov.  7,  I  have  eighteen 
observations  of  this  star.  In  spite  of  its  redness  (two  ob- 
servations showing  8.6)  the  estimates  are  very  accordant, 
showing  an  average  deviation  of  only  0M.l  from  their  mean, 
which  is  8M.0.  and  in  but  two  instances  departing  from  this 
mean  more  than  0M.2. 

I  have  also  five  estimates  of  its  blue  neighbor,  which  Bir- 
mingham asserts  to  be  also  variable.  9M-10M,  but  of  which 
I  have  but  one  estimate  other  than  9y.0. 

Both  stars  are  undoubtedly  constant. 
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The  above  confirmation  by  Mr.  Yendkll  of  the  variability  of  five  stars  of  the  unconfirmed  list  (-1. J.  300,  p.  109), 
permits  their  definitive  notation  to  be  assigned  as  below.  The  other  data,  corresponding  to  the  left-hand  page  of 
the  Catalogue,  have  also  been  supplied  by  Dr.  Chandler.  —  Ed. 


No. 

Star 

1000.0 
R.A.                 Decl. 

1900 
Annual  Variation 

1855.0 
R.A.                Decl. 

Red- 
ness 

Mai. 
Max. 

nitudc 
Miu. 

2170 
694.) 
73. il 
7450 
7458 

S  Leporis 

TSaqittae 
RWGygni 

V Aquarii 
VDelphini 

h        in      s 

6      1   38 

19  17   14 

20  25   12 
20  41   46 
20  43   13 

—24   11.2 
+  17   28.1 
+  39  38.8 
+    2     4.2 
+  18  58 

+  2.47  +0.00 
2.68  0.11 
2.18  0.20 
3.04       0.22 

+  2.72    +0.22 

Il          til           S 

:>  59  4  7 

19  15  13 

20  23  34 
20  39.29 
20  41    10 

—  24  11.1 
+  17  23.2 
+  39  23.9 
+    1   54.6 

+  18  48 

7.0* 
2.5* 

6.7 

8.3 

7.7 
8.1 
9  ? 

7.5 
9.9 
9.5 
9.3 
12  ? 

RESEARCHES   UPON   COMET  1889  Y, 


By  CHAKLES  LANE  POOR. 
III. 


The  followiug  paper  embodies  some  of  the  results  of  an 
investigation  upon  the  path  of  this  remarkable  body,  whilst 
it  was  in  the  immediate  vicinity  of  Jupiter.  And  the  first 
question  which  naturally  presented  itself,  was  whether  there 
had  been  any  close  approach  to  one  or  more  of  the  satellites. 

The  solar  perturbations  were  integrated  and  applied  to  the 
hyperbolic  elements  of  the  comet,  and  thus  were  derived  the 
elements  of  the  hyperbola,  in  which  the  comet  was  travel- 
ing on  the  day  of  closest  approach  to  Jupiter,  namely  : 


n  =  282°  44'      8" 
&  =  254    18      4 
i  =     61     41     50 
a  =  —0.083  304  3 
e  =  +1.0127398 
T  =  July  20. 10452 


+  249".59r 

—  14  .21 

—  120  .66 
—0.000  010  274  j' 
+  0.000  179  192* 
—0.081  353  !• 


Thus,  the  plane  of  the  comet's  orbit  cut  that  in  which  the 
satellites  move  at  a  large  angle,  and  further,  the  difference 
of  longitudes  of  the  peri-jove  and  the  ascending  node  was 
only  about  28°.  Thus,  at  the  ascending  node  the  comet 
crossed  the  line  of  nodes  at  a  large  angle  ;  while  near  the 
descending  node  the  path  of  the  comet  was  for  a  time  nearly 
parallel  with  the  line  of  nodes.  Hence,  as  the  comet  ueared 
Jupiter  there  could  be  no  close  approach  to  any  of  the  satel- 
lites, excepting  very  near  the  node.    But,  on  the  other  hand, 


as  the  comet  receded  from  the  planet,  it  hovered  over  the 
satellites,  and  close  approaches  might  occur  at  considerable 
distances  from  the  descending  node. 

During  the  entire  time,  however,  that  the  comet  was  in 
the  vicinity  of  Jupiter  and  the  satellites,  it  was  moving  so 
rapidly  that  nothing  except  a  very  close  approach  could 
have  any  appreciable  influence.  Indeed,  to  have  caused 
any  noticeable  alteration  in  the  relative  orbit  about  Jupiter, 
the  comet  must  have  passed  within  the  "sphere"  of  the  dis- 
turbing satellite.  Now  the  distances  of  the  satellites,  and 
the  radii  of  these  various  "spheres  of  attraction,"  taken  in 
reference  to  Jupiter,  are  exhibited  in  the  table  below,  where 
the  unit  of  distance  is  the  semi-diameter  of  Jupiter. 


Distance 

Sphere 

Satellite      I 

5.93 

0.0647 

II 

9.44 

0.1175 

"        III 

15.06 

0.3199 

"         IV 

26.49 

0.4196 

These  values  were  obtained  from  the  masses  and  distances, 
as  given  by  Newcomb. 

The  following  table  shows  at  a  glance  the  character  of 
the  approach  to  each  of  the  four  satellites  for  the  different 
values  of  v. 


Approach  to  Satellites. 


Closest  approach  to  orbit 

Differences  of  longitude.     Cornet  — Satell. 

V 

?5 

il 

I 

II 

III 

IV 

I 

II 

III 

IV 

—40 

21.93 

1.06 

4.87 

1.83 

1.09 

1.02 

0 

—  24.1 

+   34!o 

O 

—  92.1 

— 140°0 

—20 

33.00 

1.75 

4.18 

3.21 

2.61) 

1.07 

—  53.0 

—  165.2 

—  13.6 

-107.3 

0 

41.93 

2.43 

3.50 

4.12 

4.32 

2.65 

—  80.4 

—     2.0 

+   70.7 

—  77.5 

+  20 

48.43 

3.14 

2.79 

5.12 

5.03 

3.95 

—  108.2 

+  156.4 

+  155.0 

—  40.9 

+40 

55. 15 

3.83 

2.10 

5.46 

5.94 

5.02 

—134.9 

—  40.5 

—135.3 

—     7.8 

The  first  two  columns  give  the  respective  distances  of  the 
nodes  from  the  center  of  Jupiter,  the  equatorial  radius  of 
the  planet  being  taken  as  unity.    The  following  four  columns 


give  the  smallest  possible  distances  between  the  orbits  of 
the  various  satellites  and  that  of  the  comet  for  the  different 
values  of  r  ;  the  remaining  columns  give  the  differences  of 
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longitude  of  the  comet  and  satellites  at  the  moment  when 
the  comet  passed  the  point  of  closest  approach  to  the  orbits 
of  the  satellites. 

Thus  we  sec  that  there  was  no  approach  near  enough  to 
cause  the  slightest  change  in  the  relative  orbit  of  the  nucleus 
about  Jupiter.  In  no  possible  ease  did  the  nucleus  approach 
a  satellite  nearer  than  forty  (40)  times  the  radius  of  its 
"sphere  of  control ;  "  at  this  distance  the  perturbations  by 
the  satellite  would  be  entirely  inappreciable. 

Again,  as  to  the  disruption  of  the  comet.  The  above 
table  shows,  I  think,  pretty  clearly,  that  this  could  not  have 
been  caused  by  the  action  of  any  one  of  the  four  outer  satel- 
lites. For  the  radius  of  the  comet,  although  a  very  uncer- 
tain quantity,  cotdd  hardly  have  been  larger  than  that  of 
Jupiter;  and  was  probably  not  more  than  one-half  that 
amount.  Now.  even  taking  the  greater  of  these  two  quanti- 
ties, we  see  that  in  no  possible  case  did  any  of  the  cometary 
matter  pass  within  the  "  sphere"  of  a  satellite,  and  heuce 
there  cotdd  have  been  no  disruption  due  to  this  cause. 

In  all  that  goes  before,  I  have  left  entirely  out  of  con- 
sideration the  Fifth  Satellite.  If  this  body  were  in  existence 
in  1886,  there  is  great  probability  that  it  passed  directly 
through  the  comet  ;  for,  upon  the  hypothesis  of  v  =  0,  the 
distance  of  the  uode  was  only  "2.5,  while  the  mean  distance 
of  the  satellite  is  only  about  2.6,  aud  heuce  if  the  satellite 
had  been  in  that  part  of  its  orbit  at  the  time  the  comet 
passed  its  node,  a  collision  must  certainly  have  taken  place. 
Again,  for  all  values  of  v  between  ±20,  the  nodal  distance 
is  found  to  lie  between  the  limits  of  3.13  and  1.75,  and 
within  these  limits  it  was  possible  for  some  part  of  the  comet 
to  touch  the  satellite.  But  for  each  of  these  different  values 
of  )■  the  comet  wotdd  arrive  at  its  node  at  widely  different 
times,  covering  a  total  period  of  3.245  days,  so  that  it  wotdd 
be  impossible  to  say  in  general  that  a  collision  did  or  did 
not  take  place  ;  each  possible  case  would  have  to  be  investi- 
gated separately.  Again,  there  is  still  a  slight  uncertainty 
in  the  period  of  the  satellite,  which  of  itself  renders  vain 
all  attempts  at  definite  statements.  It  is,  therefore,  possible 
that  the  observed  disruption  of  the  comet  was  caused  by  the 
action  of  this  satellite.  But,  all  things  considered,  it  is 
more  probable,  I  think,  that  it  was  caused  by  the  action  of 
Jupiter  itself,  and  in  another  paper  I  hope  to  treat  of  this 
view  of  the  matter  at  some  length. 

Another  interesting  question  that  arose,  was  whether  there 
had  been  any  large  disturbances  in  the  motion  of  the  nucleus 
due  to  Jupiter's  ellipticity.  The  very  close  approach  to  the 
surface  of  the  planet  indicated  such  perturbations,  and  the 
asymmetric  position  of  the  orbit  allowed  of  but  little  bal- 
ancing of  effects  on  the  comet's  approach  aud  recession. 
Our  present  knowledge  of  the  orbit  about  Jupiter  is,  how- 
ever, so  uncertain,  that  a  rigorous  treatment  of  this  ques- 
tion is  useless,  if  not  impossible.  All  that  I  hoped  for  in  the 
present  investigation,  was  to  obtain  some  idea  as  to  the 
possible  amount  of  the  disturbance,  to  determine  whether  or 


no  it  might  be  neglected  in  the  definitive  solution  some  years 
hence. 

For  this  purpose  I  used  the  mean  hyperbola,  already 
given,  taking  no  account  of  the  indeterminate,  r.  and  com- 
puted the  special  perturbations  due  to  the  ring  of  equatorial 
matter,  using  the  method  of  variation  of  constants.  The 
quantities  of  which  the  perturbations  were  found  are  as  fol- 
lows: the  four  elements,  n.  Si ,  i  ami  e,  anil  the  two 
auxiliary  quantities,  v  and  N,  (Watson's  notation) .  The 
necessary  formulas  for  computing  the  differential  coefficients 
of  these  quantities  had  already  been  derived  for  the  work 
on  solar  perturbations.  The  formulas  for  computing  the 
disturbing  forces,  H.  S  and  IF,  were  found  as  follows: 

LaPlacb  in  the  Micanigue  Celeste  expresses  that  part  of 
the  perturbative  function,  which  depends  upon  the  ellipticity 
of  Jupiter,  in  the  following  form, 

;\(p-.l<f,)(l-3siirtS)^-" 

where  the  factor  (p — A</>)  depends  upon  the  shape  and  the 
speed  of  rotation  of  the  planet ;  B  is  the  equatorial  radius  of 
Jupiter,  and  /•  and  8  are  respectively  the  radius  vector  aud 
jovian  declination  of  the  disturbed  body.  From  investiga- 
tions on  the  motions  of  the  satellites  the  value  of  the  first 
factor  was  found  by  LaPlace  to  be, 

log(p— h<j>)  =  8.34047 

From  these  we  readily  find  by  differentiation  the  expressions 
for  the  disturbing  forces  in  the  directions  of  r  and  8 ;  and 
theuce  by  resolving  the  latter  iuto  its  components,  the  re- 
quired forces,  jffi,  S  and  W.  The  formulas  for  this  latter 
step  are  rather  complicated,  unless  we  first  refer  the  ele- 
ments of  the  comet's  orbit  to  Jupiter's  equator  as  the  funda- 
mental plane,  or  else  ueglect  the  inclination  of  this  latter  to 
the  ecliptic.  This  we  may  do  for  a  first  approximation, 
without  introducing  any  great  error ;  for  this  inclination  is 
but  3°,  whilst  the  orbit  of  the  comet  was  inclined  about  61°. 
The  disturbing  forces  thus  derived  were  fouud  to  be,  at  the 
time  of  closest  approach,  as  great  as  one  per  cent,  of  the 
central  controlling  force  of  Jupiter. 

With  the  formulas  thus  derived  I  computed  the  pertur- 
bations during  two  days  of  closest  approach,  using  at  first 
an  interval  of  an  hour,  but  found  it  necessary  to  reduce  this 
to  fifteen  minute  intervals  for  the  six  hours  on  each  side  of 
peri-jovian  passage.  The  numerical  results  apply  only  to 
the  mean  hyperbola,  v  =  0  ;  aud  the  integrated  values  of 
the  perturbations  are  as  follows,  the  osculating  curve  being 
that  of  July  22.5, 

Jn  —    +11'  11" 

J&   =   +11     45 
Ji  =  —  0    34 
Je  =  —0.000  0654 
zlr  =  —0.000  0816 
AN  —  —0.0001272 

For  the  hyperbolas  corresponding  to  different  values  of  v, 
the  results  would   differ  greatly  from  the    above  ;    for  the 
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Undisturbed 

x  =  n0. 738  433  0 

>/  =     9.1.V.is:-j:;:i 

2  =  »8.789  564  3 

dx  =     6.385475  0 

d>/  =  n7.956  797  6 

dz  =     7.085  1617 


Disturbed 
n0.738  5002 

9.158  870  5 
«8. 787  360  8 

6.395  388  8 
n 7. 956 641  0 

7.084  042  9 


disturbing  forces  are  proportional  to  the  inverse  fourth  power 
of  r.  For  large  positive  values  of  the  indeterminate,  r,  the 
perturbations  would  be  almost  inappreciable  ;  for  large  neg- 
ative values,  on  t lie  other  hand,  the  comet  approaches  so 
ueav  the  surface  of  the  planet  that  the  perturbations  would 
be  increased  many  fold. 

The  above  perturbations  were  applied,  and  the  resulting 
hyperbolic-  elements  carried  back  to  March  24.5  by  applying 
the  solar  perturbations  for  the  interval,  with  the  following 
result  for  the  osculating   hyperbola  about  Jupiter  on   that 

date. 

n  =   284°  24'  50" 

ft  =  256    20    43 
i  =     63    41     51 

F  =     77    34    30.6 
losa  =  8.949273  6 
loge  —  0.0048922 
log  r  =   7.939  299  6 

At  this  date  the  motion  of  the  comet  was  referred  back  to 
the  sun.  the  transformation  being  performed  in  the  usual 
manner.  In  order  to  show  more  directly  the  effect  of  the 
disturbance  caused  by  Jupiter's  ellipticity,  I  have  placed  side 
by  side  in  the  following  table,  the  values  of  the  heliocentric- 
coordinates  and  velocities,  derived  by  neglecting,  and  by 
taking  account  of,  these  perturbations.  The  logarithms  of 
the  actual  numbers  arc  given,  and  the  values  of  the  undis- 
turbed quantities  are  taken  direct  from  the  table  in  A.J. 
no.  303. 

Heliocentric  Coordinates  and  Velocities  of  the  Comet 
1886  Mabch  l'4.5. 


From  these  were  derived  the  elliptic  elements  which 
represent  the  orbit  that  the  comet  was  describing  about  the 
sun    on    1886    March    24.5.      I   again    place   the   results    in 

parallel  columns   with   those   derived   in   my  paper   in   A. J., 
no. 303, where  this  action  was  neglected. 

Elliptic  Elements  of  tiik  Comet, 
Epoch,  1886  March  24.5 


Undisturbed 

Disturbed 

n  =  187°  14'     0".7 

187°  20'  11". 7 

ft   =   183     17     16  .8 

183     16    34  .4 

i  =       7    39     17  .6 

7    38    16  .2 

co  ==       3     56    43  .9 

4       3    37  .3 

logo  =   1. 081  266  8 

1.0804275 

log  e  =  9.7384516 

9.737734  4 

log, a  =   1.928  106  1 

1.929  365  3 

T  =  June  24.0752 

Jill, 

The  corresponding  periods  are  respectively  41.8698  and 
41.7486   Julian    year-.     We    thus    see  thai    the  distui 
effect  of  the   planet's  ellipticity  changes  this  important   ele- 
ment  by  a  little  over  a  tenth  of  a  year.     Thus,   while  the 
disturbance  is  large  enough  to  sensibly  affect  our  final  con- 
clusions in  regard  to  the  identity  of  this  comet  with   till 
Lexell.  vet  it  is  not  sufficient  to  change  materially  the  pre- 
sent aspect  of   the    problem    as  outlined  in  A. J.,  no. 
It  was  there  pointed  out  that  there  is  bound  to  be  al  pn 
an  uncertainty  of  fully  two  years  iu  the  period  of  the  comet 
before  1884,  and  that  this  uncertainty  was  due  to  the  origi- 
nal observations.     Now  the  results  of  the  presenl  im 
gation  merely  indicate  that  this  limit  of  uncertainty  is  not 
quite  broad  enough  ;   that  the  periods  there  assigned   to  the 
comet  for  large  negative  values  of  the  unknown,  v,  may  be 
in  error  by  a  considerable  amount.      And  should  the  final 
elements  of  the  comet  derived  from  its  next  appearance  cor- 
respond to  a  small  positive,  or  to  any  negative  value  of  i. 
then  must  these  perturbations  be  most  carefully  computed. 


NOVEMBER   1893 

By  EDWIN 

Short  watches,  aggregating  1.5  hours,  were  taken  on  the 
mornings  of  the  14,  15,  16  and  17  November,  the  1:2  and 
13  being  overcast,  for  possible  signs  of  the  returning 
Leonid  meteor  shower  due  in  1899,  but  the  almost  en- 
tire absence  of  these  meteors  this  year,  shows  that  the  fore- 
runners of  this  stream  have  not  as  yet  been  encountered, 
but  should  be  looked  for  at  each  yearly  passage  of  the  earth 
through  the  cometary  meteor  path.  Of  nine  meteors  ob- 
served, only  two  could  be  traced  to  the  Leonid  stream,  one 
each  on  the  16  and  17.  The  Biela  meteors  were  looked  for 
on  the  '-)">.  26,  28,  29  and  30,  the  27  being  overcast,  but 
none  were  observed. 

On  Nov.  30,  at  51'  43"\  Boston  M.T.,  a  brilliant  meteor 
was  observed  slowly  passiug  through  Pegasus  towards  the 

Brighton,  1893  Dec.  2. 


METEOR  NOTES, 

F.  SAWYER. 
southeast,  where  it  faded  away  near  the  horizon.     When 
first  seen,  it  was  about  equal  to  a  first-magnitude  star  and 
of  a  whitish  color.     As   it  slowly   descended   iu   a  nearly 
vertical    line,   it    gradually  grew  in  size  until,  just    1" 
disappearance,  it  was  considerably  more  brilliant  than  Venus, 
and   of  a  rich  emerald  green   color.     The  meteor  threw   off 
many  sparks  in  its  passage,  and  its  brilliancy,  by  obscur- 
ing the  stars  near  its  track,  prevented  its  exact    path    I 
located  ;   but  a  careful  inspection  of  the  region  through  which 
it  passed  allowed  its  course  to   be  fairly  well  determined, 
which  was  from  about  R.A.  350°,  and  Decl.  12°  X..  to  B.A. 
28°,  Decl.  20    S.      It  was  visible  for  about  four  seconds,  and 
was.  among  many  thousands  of    meteors  observed  by  the 
writer,  one  of  the  most  brilliant  recorded. 
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OBSERVATIONS   OF    T SAGITTARII, 

BY    LlEUT.-COL.    E.    E.    MARKWICK. 


I  have  obtained  observations  of  6573  YSagittarii  on  47 
days  this  season,  and  beg  to  forward  the  same  to  the  Astro- 
nomical Journal,  together  with  a  comparison  between  obser- 
vation and  calculation.  The  observations  were  made  witli 
a  binocular  field-glass,  magnifying  about  five  times,  and 
comprise  seventeen  epochs.  The  star  was  compared  with 
No.  45  of  the  Uran. Argent,  in  Sagittarius  (6M.5),  and  the 
difference  estimated  in  steps  or  tenths  of  a  magnitude. 
When  in  England  or  Ireland  I  was  able  to  get  comparatively 
few  observations,  bnt  in  this  latitude  (36°7'N.)  the  altitude 
of  the  star  is  such  as  to  give  opportunities  for  a  good  series 
of  observations. 

According  to  my  eye,  YSagittarii  varies  between  5.7  and 
7.0  magnitudes  of  the  U.A.  scale.  A  curve  was  drawn  on 
tracing  paper  representing  the  light  changes  from  maximum 
to  maximum,  using  these  limits  of  brightness,  and  the 
period  of  5.7732  clays  given  on  p.  1 1  of  Dr.  S.  C.  Chandler's 
Second  Catalogue  of  Variable  Stars.  The  quantity  (31 — m) 
was  also  taken  thence,  viz.:  1.80  days.  Paper  was  pre- 
pared on  the  same  scale,  and  the  observations  plotted  down, 
also  the  maxima,  calculated  from  the  data  in  the  same  cata- 
logue. The  curve  was  then  applied  for  eacii  epoch,  and  the 
differences  C — O  read  off  with  a  boxwood  scale  as  nearly  as 
possible. 

The  result  of  this  scrutiny  is  to  confirm  the  period  of 
5.7732  days.  Several  maxima  fall  almost  exactly  on,  or 
very  close  to,  the  calculated  positions.  Also,  I  do  not  see 
that  the  interval  (M — m)  could  be  improved  upon.  In 
several  cases  divergencies  from  the  typical  curve  are  ac- 
counted for  by  the  effect  of  moonlight.     The  sum    of  the 

Gibraltar,  1893  November  8. 


2  2  positive  differences  is  9.7,  that  of  the  19  negative  9.0, 
which  would  seem  to  indicate  they  are  due  to  errors  of  ob- 
servation. Plotting  the  whole  of  the  50  observations  on 
the  typical  curve,  they  seem  to  the  eye  to  cluster  very  fairly 
round  it,  especially  near  maximum,  and  I  conclude  they 
confirm  the  data  given  in  the  catalogue  referred  to. 


Date,  G.M.T. 

Mag. 

C— O 

Date,  G.M.T. 

Mag. 

C— O 

1893               h        in 

d 

1893 

li         III 

d 

July    6  10    6 

5.8 

0.0 

Sept.  1 

9  35 

6.7 

0.0 

7    9  56 

5.8 

+  0.2 

3  10  14 

6.0 

—0.2 

8    1)  51 

6.0 

+  0.5 

5 

9  29 

6.8 

+  0.1 

11  10  16 

6.6 

—0.1 

9 

8  39 

6.3 

—0.7 

12  10  (?) 

5.6 

—0.1 

10 

8    1 

6.4 

+  0.1 

14  10  26 

6.1 

+  0.6 

11 

7  36 

6.5 

+  0.9 

19  10  41 

5.8 

—0.1 

11 

9    6 

6.7 

+  0.6 

20  11  30 

6.1 

+  0.1 

12 

9  12 

7.0 

0.0 

22    9     1 

6.2 

—1.5 

13 

9  12 

6.6 

+  0.4 

29    8  37 

5.9 

—0.1 

15 

9  56 

6.3 

—0.4 

31  11  45 

6.2 

0.0 

19 

8  51 

6.6 

+  0.6 

Aug.  3  11     6 

6.5 

—0.2 

20 

7  41 

6.5 

+  1.5 

4    9     1 

5.8 

+  0.1 

23 

8  31 

7.0 

—0.3 

4  10    6 

5.9 

+  0.4 

25 

8  36 

5.75 

0.0 

5    9  28 

5.9 

0.0 

29 

8  53 

6.9 

—0.5 

10  10  51 

6.2 

+  0.9 

30 

7  21 

6.9 

+  0.4 

11     8  48 

6.05 

—0.3 

30 

8  50 

7.0 

+  0.8 

12    8  46 

6.2 

+  0.4 

Oct.    1 

8  19 

5.75 

+  0.2 

15    9  23 

6.5 

+  0.2 

2 

7  40 

6.4 

—  1.0 

16     9     7 

5.7 

0.0 

3 

8  46 

6.6 

—0.3 

18  10     1 

6.55 

0.0 

5 

8  36 

6.8 

—0.5 

20    9  38 

6.6 

—0.5 

6 

7  59 

6.7 

+  0.3 

27    8  11 

6.0 

+  0.3 

9 

8  21 

6.5 

+  0.1 

28    9  11 

6.2 

—0.9 

11 

7  45 

7.0 

0.0 

31     9    9 

6.75 

—0.9 

14 

7  32 

6.3 

|  —0.4 

OBSERVATIONS   OF   COMETS, 

MADE    WITH   THE    16-INCH   EQUATORIAL   AND   FILAR  MICROMETER   OF   GOODSELL   OBSERVATORY,    NORTHFIELD,    MINN. 

By  H.  C.  WILSON. 
[Communicated  by  Wsi.  W.  Payne,  Director.] 


1893  Northfleld  M.T. 

* 

No. 
Comp. 

Ja        |         z/S 

&/  's  apparent 
a                          8 

for  a            for  6 

Comet  b  1893. 

h         ra        s 

m         s                             '         II 

h 

It!              S 

O             / 

It 

Nov.  17 

17   13  18 

1 

11  ,  4 

+  0     5.71   |     +8  32.0 
Comet  c  1893. 

12 

47     8.20 

—0     0 

16.1 

n9.542  |  0.790 

Nov.    5 

16  46  47 

3 

6  ,4 

+  4    12.70 

+  4  34.5 

12 

52     5.91 

+  27  27 

11.3 

?i9.663 

0.676 

16  46  47 

4 

6  ,4 

+  3   20.27 

+  5  37.7 

12 

52     4.33 

+  27  27 

2.6 

«9.663 

0.676 

12 

16  33  33 

5 

2 

. 

+  1   10.0 

>       •       • 

. 

. 

,       . 

0.629 

16  33  33 

6 

2 

*         •        ■ 

+  5   12.1 

■       •        ■ 

+  33  37 

26.7 

. 

0.629 

16  46     2 

5 

6 

+  4  45.67 

•       • 

... 

.       , 

. 

?i9.683 

,       , 

16  46     2 

6 

6 

+  3  25.63 

• 

13 

6  17.18 

. 

. 

x9.6S3 

, 

17 

16  11   18- 

7 

9  ,4 

+  1  52.11 

+  3  40.5 

13 

18  12.91 

+  38  28 

22.8 

w9.723 

0.607 
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Mean  Places  for  1893.0  of  Comparison-Stars. 


Red.  to 

s 

Red.  in 

* 

a 

app.  place 

app.  place 

Authority 

1 

h        in        B 

12  47     1.10 

+  1.41 

—  0     8  36.7 

—  12.0    - 

Microm.  comp.  with  ^  2 

2 

12  46  43.05 

4-1.-11 

—  0  20  47.6 

—  12.0 

B.B.  VI,  2622;  Munich  8593 

3 

12  47  52.02 

+  1.1 9 

+  27   22   52.6 

—  15.8 

Lai.  240 11  :  Weisse-Bessel  XII,  938 

4 

12  48  42.88 

+  1.18 

+  27   21    11.7 

—15.8 

Lai.  2404 1  ;  Weisse-Bessel  XII,  95  1 

5 

13      1   30.1 

+  1.22 

+  33   36.4 

—  19.1 

DM.  33°2301 

6 

13     2  50.34 

+  1.21 

+  33  32  43.7 

—19.1 

Leiden  A.G.  Zones  195 

i 

13   16   19.62 

+  1.18 

+  38  25     3.8 

—21.5 

Yarnall  5635.  Armagh,,  1555 

NUMERATION 

[From  a  letter  of  Dr.  15 
In   no.  307  of  the  Astronomical  Journal,   you  give    the 
numeration  of  the  minor  planets  discovered  since  January 
1893.     Now  it  has  become  necessary  to  make  yet  another 
alteration. 

Mr.  J.  Contel  of  the  Paris  Bureau  des  Longitudes  has 
found,  by  a  new  computation  of  planet  1893  i,  that  this  is 
identical  with  1893  Julia.  The  equatorial  constants  for  the 
latter,  as  given  in  our  Jahrbuch  for  1893,  are  erroneous,  and 
consequently  the  dates  for  the  last  oppositions  are  also 
wrong. 

The  identity  would  have  been  recognized  sooner,  had  not 
the  brightness  of  the  planet  exceeded  that  computed  by  ]l 
magnitudes.  It  is  not  easy  to  find  a  sufficient  explanation 
of  this  phenomenon;  perhaps  the  inferior  brightness  at 
former  oppositions  may  be  ascribed  to  an  effect  of  the  phase 
produced  by  the  large  angular  distances  of  the  planet  from 
the  ecliptic. 

Now  the  planet  cannot  retain  the  number  (359)  which  it 
received  under  the   supposition  that  it  was  new.     But,   in 
order  to  avoid  confusion,  the  subsequent  numbers  will  re- 
main unchanged  ;  and  we  may  perhaps  insert  planet  1893  J/", 
Berlin,  1893  Dec.  3. 


OF   ASTEROIDS, 

BRBBMCH  to  the  Editor.] 
should  this  be  rediscovered  during  the  coming  opposition. 
So,  too,  the  gap  at  (330)  might  be  filled   in  this  way  by  the 
planet  photographed  by   Prof.  Max  Wolf,   1S92  March  18 
and  20,  which  still  remains  without  numeration. 

It  will  interest  you  to  learn  that  the  long-missed  planet 
(175)  Andromache  was  photographed  by  Prof.  Wolf  in  1892. 
The  elements  deduced  from  Air.  Chaklois's  recent  observa- 
tions show  that,  on  March  4  of  that  year,  it  should  have 
been  near  No.  325,  then  photographed  at  Heidelberg.  The 
computed  position, 
March  4.5  M.T.  Berlin,    a  =  llh  13m  37%     8  =  +7°  57'. 8 

is  fully  confirmed  by  the  position  read  off  from  Prof.  Wolf's 
plate,   viz.  : 

March  4,  1 1"  1 1'"  M.T.  Heidelberg,  a  =  11"  13m.6,  8  =  +8°  0' 

From  the  two  photographic  positions  of  the  planet  1898  A" 
1  have  computed  a  circular  orbit,  with  /a  =  423". 4.  The 
plane  of  the  orbit  (SI  =  72°  18',  i  =  1°  34')  much  resem- 
bles that  of  Thule,  the  remotest  of  all  the  known  asteroids. 

A.  Berberich. 


RUDOLF  WOLF. 


The  last  mail  brings  tidings  of  the  death  of  this  eminent  astrono- 
mer, mathematician  and  historian  of  science,  at  the  Zurich  Observ- 
atory, to  which  he  had  given  so  great  renown. 

He  was  born  1816  July  7,  at  Fallanden,  a  small  village  where  his 
father  was  pastor,  in  the  close  vicinity  of  Zurich.  At  the  age  of 
23  years  he  became  instructor  in  mathematics  and  physics  at  the 
Realschule  of  Berne ;  in  1817  he  was  appointed  Director  of  the 
Observatory  there,  and  in  1853  Professor  iu  the  University.  In 
1855  he  returned  to  Zurich  as  Director  of  the  Observatory  in  that 
city,  as  well  as  Professor  in  the  7V.<,f.  chnicum  and  subsequently  in 
the  Federal  University.  He  passed  away  December  6,  after  a  brief 
illness,  at  the  age  of  77  years  and  5  mouths. 

Prof.  Wolf's  contributions  to  science  are  numerous,  and  cover 
a  wide  field,  embracing  researches  in  pure  mathematics,  astronomy, 
physics  and  the  history  of  science,  especially  in  hie  native  country, 
to  which  he  was  most  ardent  and  loyally  devoted.     In  1852  lie  pub- 


lished the  first  edition  of  his  well  known  Taschenbuch  <>(  Mathe- 
matics, Physics,  Geodesy  and  Astronomy;  in  1858-G1.  his  four  vol- 
umes of  biographies  of  Swiss  men  of  science;  in  1869-72,  his 
Handbuch  der  Mathematik,  etc.,  in  two  volumes  ;  and  i  be  last  of  his 
more  extended  works,  the  Handbuch  der  Astronomic  ihrer  Geschichte 
und  Litteratur,  has  been  completed  during  the  current  year  1898,  in 
which  the  last  of  its  four  half-volumes  has  been  issued.  His  sin- 
gularly instructive  Astronomischc  Mitthi  ilangi  »,  begun  in  1  866,  lia\  e 
been  continued  to  the  present  time,  containing  descriptions  of  the 
collection  of  Instruments  and  scientific  relics  of  historical  value, 
which  he  had  gathered  in  the  Zurich  Observatqry,  together  with 
numerous  and  elaborate  accounts  of  Swiss  mathematicians,  physi- 
cists and  astronomers, — the  whole  interspersed  with  important  as- 
tronomical communications.  In  1877  was  published  his  History  of 
Recent  Astronomy,  especially  in  Germany. 
But  Wolf's  distinguished  reputation  has  been  especially  due  to 
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his  important  discoveries  and  researches  relative  to  the  solar  spots. 
Schwabe  had  certainly  been  the  first  to  detect  the  periodicity 
recognizable  In  their  recurrence,  although  his  deductions  were 
drawn  from  a  limited  series  of  observations;  and  Lamoni  and  S\- 
ihnk  bad  moreover  perceived  the  apparent  existence  of  an  intimate 
relation  between  the  variations  of  the  magnetic  declination  and 
those  "f  the  spots.  But  the  researcher  of  Rudolf  Wolf  first 
developed  the  periodic  law  to  which  the  variations  of  the  Rolar 
spot-  aie  subjected;  and  it  was  by  his  laborious  and  thorough  re- 
searches that  the  evidence  was  made  palpable  in  the  same  year, 
1852,  that  this  law  had  prevailed,  ever  since  the  spots  had  been  a 
subject  of  attentive  observation. 

His  device  and  introduction  of  the  relative  numbers,  for  express- 
ing the  degree  of  spottiness  of  the  sun,  placed  this  branch  of  solar 
physics  upon  a  linn  basis.  By  elaborate  investigations  he  suc- 
ceeded in  determining  and  placing  upon  record  not  only  the  epochs 
of  maxima  ami  minima  of  spottiness,  but  in  assigning  its  relative 
amount  at  all  the  dates  for  which  existing  data  permitted  the  deter- 
mination. Thus  he  prepared  a  careful  record  extending  from  the 
time  <d'  the  discovery  of  the  spots,  showing  the  periodicity  of  the 

'  1 893  December  2 1 . 


phenomenon  through  two  centuries  and  a  quarter,  and  corroborat- 
ing the  accordance  of  the  resultant  period  and  epochs,  with  those 
of  the  fluctuations  in  the  variation  of  the  magnetic  declination. 
These  determinations  of  the  relative  numbers  were  continued 
through  later  years;  and  were  made  far  more  accurate  by  the  ob- 
servations which  he  carried  on  personally,  and  to  which  he  stimu- 
lated others  for  the  purpose.  And  there  has  been  no  injustice  to 
other  investigators,  in  the  recognition  which  has  universally  been 
accorded  to  him  as  the  chief  investigator  and  principal  authority  in 
this  tield. 

A  detailed  account  of  his  researches  in  the  domain  of  solar  physics 
was  published  by  Prof.  A.  Wolfer in thg  Archives de  Genipe  for  1891. 

Prof.  Wolf's  memoirs  have  been  notable  by  their  encyclopedic 
character,  —  a  vast  amount  of  information,  covering  a  wide  range 
of  know  ledge,  beiug condensed  into  concise  form;  and  his  Taschen- 
buch,  Handbuch  and  AlUtheilungcn  are  models  of  compact  and  full 
statement. 

His  personal  character  was  amiable  and  peculiarly  unassuming; 
his  daily  life  and  habits  were  those  of  an  unpretending  and  modest 
explorer  of  scientific  truth. 


NEW   ASTRONOMICAL   AVORKS. 


Comparison  of  Positions  of  Stars  between  49°  50'  and  55c  10'  North 
Inclination  in  1855.0,  observed  with  the  Meridian-Circle,  1870- 
1SS4.  Vol.  XXV,  Annals  of  Harvard  College  Observatory,  by 
w.  \.  Rogers. 

In  the  third  part  of  this  volume  (pp.  253-376)  Prof.  Rogers  gives 
the  results  of  the  individual  observations  on  which  his  Zone-Cata- 
logue of  8627  stars,  made  for  the  Grand  Catalogue  of  the  Astron. 
Oesellschaft,  and  published  in  1892,  was  based.  In  the  first  two 
parts  he  presents  a  discussion  of  the  proper  motions  of  those  stars 
contained  in  it,  and  observed  by  previous  authorities,  which  appear 
to  have  a  sensible  movement.  He  first  determines  the  systematic 
corrections  of  thirty-two  catalogues  between  1790  and  1880  (Tables 
I  and  II)  for  the  reduction  to  the  system  of  his  Catalogue.  The 
application  of  these  to  the  positions  of  the  previous  catalogues,  re- 
duced to  1875.0,  furnishes  the  material  (pp.  1-211)  from  which  the 
proper  motions  of  1134  stars  are  deduced  (pp.  213-251). 

The  results  of  this  conscientious  and  laborious  discussion  cannot 
fail  to  provide  a  highly  important  mass  of  material  for  a  new  in- 
vestigation of  the  solar  motion,  which  it  is  hoped  that  its  author 
may  undertake. 

Observations  of  Variable  Stars,  by  Henry  M.  Parkiiurst. 

This  series  of  observations,  made  by  this  well-known  amateur 
astronomer,  at  his  private  observatory  in  Brooklyn,  N.Y.,  from 
1883  to  1892,  is  one  of  the  most  valuable  contributions  to  the  sub- 
ject that  we  possess.  It  comprises  135  of  the  known  variables,  and 
some  stars  suspected  of  variability,  as  well  as  other  objects.  The 
observations  were  mostly  made  by  photometers  devised  by  himself, 


and  are  communicated  in  detail.  Lists  of  comparison-stars  are 
given,  and  also  determinations  of  light-curves,  and  discussions  of 
some  points  relating  to  instrumental  photometry.  The  memoir  is 
printed  at  the  expense  of  the  Harvard  College  Observatory  (Vol. 
XX I X ,  No.  IV) .  

La  Voie  Lact'ee  dans  V Hemisphere  Boreal,  by  C.  Easton,  Dordrecht 

and  Paris,  1893. 

This  interesting  study  of  the  Milky  Way  consists  of  a  series  of 
five  lithographic  plates,  with  accompanying  explanatory  and  de- 
scriptive text.  The  extreme  and  peculiar  difficulties  in  delineating 
this  object  have  been  fully  appreciated  by  the  author,  and  he  has 
manifestly  brought  great  judgement  and  artistic  skill  to  bear  in 
overcoming  them,  neglecting  no  precaution  to  secure  in  his  drawings 
that  quality  which  is  of  paramount  importance  in  attempts  of  this 
character;  —  namely,  absolute  independence  of  the  work  of  other 
observers.  Thus  they  possess  a  scientific  value,  even  after  the 
superb  drawings  of  Boeddicker. 

The  observations  and  original  drawings  were  made  between  1S82 
and  1S87.  The  copies,  from  which  the  published  reproductions  are 
made,  were  executed  by  the  author  himself  in  1892.  The  impres- 
sions of  the  principal  drawing,  Chart  IV,  were  also  retouched  by 
him  as  the  impressions  were  made,  in  order  to  secure  absolute  uni- 
formity. 

The  accompanying  text  includes  a  historical  notice  of  the  sub- 
ject, a  detailed  description  of  the  various  portions,  ami  a  cata- 
logue of  the  spots,  luminous  streams,  and  obscure  places  of  the 
Milky  Way  in  the  Northern  Hemisphere. 
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( )  X    THE   ORBIT   OF   COMET  1892  V, 

By  J.  G.   PORTER. 


This  comet  was  discovered  photographically  1  <v  Prof.  E. 
E.  Barnard,  at  the  Lick  Observatory  on  Oct.  12,  and  was 
observed  from  Oct.  13  to  Nov.  21.  I  have  sought  from  a 
discussion  of  all  the  published  observations  to  derive  the 
most  probable  values  of  the  elements. 

A  preliminary  orbit  computed  from  Vienna  observations 
of  Oct.  16.  27  and  Nov.  7,  gave  the  following  elements: 

Epoch  Oct.  22.5  Berlin  mean  time. 

.V„  =  352°    8   13.0 
n  =     17      1    34.4) 
SI  =  206  42  28.6  [■  1892.0 
i  =     31    10  25.1  \ 
<p  =     35   19   10.9 
log/i  =  2.7557983 
log  a  =  0.5294722 

The  perturbations  of  the  rectangular  coordinates  by  Mars 
and  Jupiter,  for  the  interval  of  observations,  were  next  ob- 
tained, and  the  following  ephemeris  was  computed,  in  which 
the  effect  of  these  perturbations  is  included. 


Ephemeris  for  Berlin  Midnight. 


1892 


Oct. 


12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 


App.  a 
h      va      i 

19  31  31.95 
33  36.55 
35  43.46 
37  52.62 
40  4.(12 
42  17.63 
44  33.44 
46  51.43 
49  11.56 
51  33.78 
53  58.09 
56  24.44 
58  52.81 

20  1   23.17 


App,  8 

+  12  56  28.8 

33  56.4 

11   26.6 

11   48  59.7 

26  36.4 

4    17.1 

10  4  2     2.8 

19  52.5 

9  57    18.4 

35  50.3 

13  58.8 

8  52   14.3 

30  37.4 

+89     8.5 


0.04488 


Aberr. 
time 

m       s 

9   12 


0.04528       9  13 


0.04579       9   13 


0.04641        9   14 


0.04716 


0.04803       9    16 


0.049O3 


9    17 


1892 

App.  a 

App.  8 

l.iji 

Aberr. 
time 

Oct.  26.5 

20  3'"  55. 51 

0    ;    ir 

+  7  47  48.3 

0.05015 

in  • 
9  19 

27.5 

6  29.71 

26  37.0 

28.5 

9  5.86 

5  35.2 

0.05141 

9  20 

29.5 

11  43. si 

6  44  43.1 

30.5 

14  23.57 

24   1.5 

0.05279 

9  22 

31.5 

17  5.10 

3  30.6 

Nov.  1.5 

19  48.35 

5  43  11.0 

0.05431 

9  24 

2.5 

22  33.30 

23  2.9 

3.5 

25  19.88 

3  6.7 

0.05597 

9  26 

4.5 

28  8.09 

4  43  22.9 

5.5 

30  57.87 

23  51.9 

0.05776 

9  29 

6.5 

33  49.21 

4  84.0 

7.5 

36  42.05 

3  45  29.7 

0.05970 

9  31 

8.5 

39  36.34 

26  39.3 

9.5 

42  32.08 

8  3.2 

0.061  78 

9  34 

10.5 

45  29.24 

2  49  41.8 

11.5 

48  27.76 

31  35.6 

0.06400 

9  37 

12.5 

51  27.61 

13  45.0 

13.5 

54  28.74 

1  56  10.4 

0.06637 

9  40 

14.5 

57  31.12 

38  52.1 

15.5 

21   0  34.74 

21  5o.l 

0.06887 

9  43 

16.5 

3  39.5  2 

5  5.8 

17.5 

6  45.43 

(I  48  38.6 

0.07153 

9  47 

18.5 

9  52.42 

32  29.1 

19.5 

13  0.48 

16  37.7 

0.07432 

9  51 

20.5 

16  9.52 

+  0  1   4.5 

21.5 

1 9  i 

—  0  14  10.2 

0.07725 

9  55 

22.5 

22  30.4  1 

29  6.1 

21  25  4  2.21 

—  0  43  42.7 

0.08031 

9  59 

A  number  of  the  comparison-stars  used  in  the  observations 
being  but  poorly  determined,  they  were  re-observed  with 
our  meridian  circle  so  far  as  seemed  necessary.  The 
adopted  positions  for  1892.0  with  the  reduction  to  apparent 
equinox  are  given  in  the  table  below. 
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No. 


a  1892.0 


19  33  52.76 

19  37  •_".•. H7 
29.11 

29.16 


+  1.53 


19  37  29.11    +1.53 


11" 


38  11.49 
11.56 


19  38  1  1. 5.",    - 
19 


42  10.38 
10.36 

10.29 


19  42  10.33 

19  43  47 

71 

47 

70 

19  43  47 

71 

19  43  58 

20 

57 

99 

19  43  58.06 

19  44  40 

24 

40 

27 

19  44  40 

26 

19  4  4  41 

97 

41 

75 

19  44  41.82 


45  51.28 
45  59.24 

47  6.84 
6.56 
6.52 
6.60 


19  47    6.62 

19  48  4:;. 05 

19  50     1.73 

19  50  46.63 

46.76 


(1) 
(1) 
(2) 

+  1.55 


+  1.56 

(1) 
(2) 
+  1.53 


+  1.55 

(1) 

(-') 
+  1.54 

+  1.52 
+  1 .55 


+  1.53 

+  1.53 

+  1.56 


81892  ii 


+  12  28  36.9    +9.0 
+  11  34  21.:! 

21.6 

19.7 


+  11  34  20.9   +8.9 

+  11  45  49.6 
46.2 


+  11  45  47.9   +9.2 


+  11   12  29.4 
30.1 

29.0 


+  11  12 

29.4 

+  11  24 

58 

.1 

57 

0 

+  11  24 

57 

6 

+  10  47 

1  1 

0 

42 

1 

+  10  47 

4  2 

7 

+  10  57 

37 

.6 

35 

3 

+  10  57 

36.4 

+  10  41  49 

3 

47 

9 

+  10  41 

+  10  8 
+  11  7 
+  10    4 


48.4 

44.0 
41.6 
31.2 
29.6 
30.0 
30.9 


(1) 
(1) 
(2) 

+  9.2 


+  9.2 

(1) 
(2) 

+  9.0 


+  9.1 

(1) 
(2) 

+  9.1 

+  8.8 
+  9.2 


+  10    4  30.4   +8.9 


+  10  4 
+  10  26 
+   9  55 


19  50  46.70   +1.54  +    9  55 


37.4 
55.6 
17.0 
17^2 
17.1 


+  9.0 
+  9.2 


+  9.0 


Authority 


2  Cincin.  obs. 

Piilkowa 

Romberg 

( Sreenw.  10-vr. 


Glasgow 

2  Chichi,  obs. 


Munich,  1 
Munich,  2 
1  Ciucin.  obs. 


Piilkowa 
Glasgow 


Munich,  1 
1  C'incin.  obs. 


B.B.VI 

1  Cincin.  obs. 


Munich 

1  Cincin.  obs? 


Cin.P.M.Catal. 

2  Cincin.  obs. 

B.B.VI 

Brussels 

Glasgow 

Piilkowa 

[hist 
Eq.  ;  comp.  with 
Piilkowa 
Munich,  1 
Munich,  2 


No. 


a  1892.0 


81892.0 


h        in        s 

i  19  51     3.61 
3.70 


19  51     3.68 


16  19  51   19.89 


(!) 
(2) 

(1) 
(l) 
(2) 
+  1.54 

+  1.54 

(') 
(2) 
+  1.53 


+  1.53 

(1) 
(2) 
+  1.54 

(1) 
(2) 

+  1 .54 

+  1.56 


+  1.51 


21  20  31  58.77 

25  20  35  17.31    +1.63 

26  20  38  17.64 

17.56 


zu.zu 

20.04 

19  51 

20.04 

17 

19  53 

8.16 

18 

19  53 

57.01 
56.76 

19  53 

56.84 

19 

19  55 

33.05 
32.87 

19  55 

32.96 

20 

19  55 

45.61 
45.52 

19  55 

45.55 

21 

19  59 

12.96 
12.83 

19  59  12.87 

22 

20    2 

2.72 

23 

20  10  21.11 

21.14 

20  10  21.12 

20  38  17.60   +1.63 
27120  42  59.16   +1.64 


+ 


:i  21  28.0 

28.1 


9  21  28.1 

9  35  57.0 
56.8 
52.4 


9  35  52.4 
9  19  20.1 

9    0    6.3 
4.3 


f 

9    0    5.0 

+ 

9  10    5.8 

7.4 

+ 

9  10    6.6 

+ 

8  15  38.9 

40.3 

+ 

8  15  39.8 

+ 

8  29  27.1 

25.0 

+   8  29  25.7 


8    6  59.5 

7  28  44.2 

41.9 


(1) 
(-') 


(0) 
(0) 
(1) 
+  9.0 

+  9.0 

(1) 
(2) 
+  8.9 


+  9.0 

(1) 
(2) 
+  9.0 

(1) 
(2) 
+  9.0 

+  9.0 


7  28  43.1   +9.2 


3  43  38.4 
3  47  57.3 

3  41  23.6 
24.5 


+   3  41  24.1 


+ 


28  20  51  43.87    +1.67  + 

29  21  12  27.48   +1.73  — 


3  15  3.8 
2  3  8.0 
0  17    8.9 


+  9.1 


+  9.1 

+  9.3 

+  9.2 
+  9.1 


Authority 


Munich,  1 
1  Cincin.  obs. 


B.B.VI 
Munich,  1 

2  Cincin.  obs. 
Prob.  p.m.  in  & 

Eq.  ;  comp.  with 

Star  15 
Munich 
1  Cincin.  obs. 


Munich 
Schjellerup 

Munich 
Piilkowa 


Munich.  1 
1  Cincin.  obs. 


B.B.VI 

Munich 
Gottingen,  2 

Boss,  A.G.Cat. 
Eq.  ;  comp.  with 
the  preceding 
Glasgow 
Boss,  A.G.Cat. 

Boss,  A. G.  Cat. 
Boss.  A.G.Cat. 
Cin.P.M.Catal. 


The  observations  as  reduced  with  the  above  star-positions,  and  their  comparison  with  the  ephemeris,  are  given  in 
the  following  table. 


No. 

Place 

Berlin  time  of  Observ. 

App.  a 

Par. 

App.  8 

Par. 

C- 
Ja  cos  8 

-O 

j8 

d          It         m       s 

h       m       s 

9 

O            '              II 

it 

it 

// 

1 

Lick 

Oct.    13     16   12  38 

19  33  57.06 

+  0.13 

+  12  29  59.9 

+  3.4 

+   9.5 

+    4.8 

2 

Lick 

15     17  59  37 

38  23.88 

+    .31 

+  11    43   33.4 

+  3.8 

+   2.9 

—  4.7 

3 

Vienna 

16       8  22  10 

39  42.80 

+    .23 

+  11    30   13.4 

+  5.0 

+    1.8 

—  10.4 

4 

Lick 

16     19  21    13 

40  43.60 

+    .39 

+  11    19  49.6 

+  4.2 

—  1.8 

+    0.4 

0 

Hamburg 

17       8  35  22 

41   57.64 

+    .19 

+  11     7  42.5 

+  5.7 

—  2.5 

—12.4 

6 

Paris 

17       9  39  21 

42     3.06 

+    .25 

+  11      6  43.6 

+  5.1 

+    4.6 

—12.4 

/ 

Lick 

17     19  37  39 

42  59.05 

+   .41 

+  10  57   15.0 

+  4.3 

+    3.4 

+    1.7 

8 

Hamburg 

IS       7     5  34 

44     4.14 

+    .08 

+  10  46   47.1 

+  5.4 

+    5.7 

—  9.1 

9 

Kopenhagen 

18       8  27  18 

44   11.19 

+    .19 

+  10  45   31.1 

+  5.8 

+  14.4 

—  9.2 

10 

Paris 

18       9     5     8 

19  44  15.33 

+  0.21 

+  10  44   59.6 

+  5.1 

+    6.4 

—  12.0 

N°-  310. 
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No. 

Place 

Berlin  time  of  Observ. 

A  pp.  a 

Par. 

App. 

& 

Par. 

C- 

Ja  COS  8 

-0 

d           h       m       8 

h        in        s 

S 

O           ' 

W 

H 

n 

* 

11 

Algiers 

Oct.    18       9  38  51 

19   44    18.50 

+  0.31 

+  10    11 

28.6 

+  3.8 

+  5.2 

—10.9 

12 

Lick 

18     15  44  38 

44   54.18 

+    .09 

+  10  38 

44.7 

+  3.6 

-  4.9 

—  5.2 

13 

Pulkowa 

19       6  46  49 

46   19.65 

+    .14 

+  10  24 

56.3 

+  6.1 

+   8.1 

—  12.6 

11 

Harvard 

19      14     4   26 

47     1.04 

4-   .25 

+  10  18 

12.8 

+  4.4 

+  18.8 

—  1 

15 

Lick 

19     15  57  :;i 

47   13.03 

+   .12 

+  10   17 

23.4 

+  3.6 

+   5.2 

—  64.8* 

16 

Pulkowa 

20       6   15  35 

48  36.33 

4-   .11 

+  10     3 

19.9 

+  6.1 

+   7.6 

—  12.9 

IT 

Vienna 

20       7  32  35 

18  43.94 

+    .17 

+  ld     2 

9.0 

+  5.0 

+   5.2 

—  11.6 

18 

Paiis 

20       8    10  46 

48  50.74 

+   .19 

+  10     1 

6.4 

+  5.1 

+   3.1 

—  11.7 

19 

Northfield 

20     15     8  48 

4  9  29.03 

+   .21 

+   9  55 

11.5 

+  4.6 

—  0.9 

—  12.1 

20 

Paris 

21        8  40  12 

51    12.3s 

+    .19 

+   9  39 

9.5 

+  5.1 

+    6.4 

—  14.1 

21 

Paris 

22       8     0  14 

53  31.98 

+   .13 

+   9   18 

2.6 

+  5.1 

+  12.7 

—25 

22 

Lick 

22     18  32  42 

.... 

... 

+   98 

2.6 

+  4.2 

... 

+   4.0 

22 

Lie  k 

22     18  4  1    16 

;,4   36.34 

+    .36 

•       •       • 

. 

•        •         • 

+  15.3 

•       ■ 

23 

Vienna 

23       7  51    30 

55  57.86 

+   .20 

+   8  56 

1  1.0 

+  5.1 

+   0.4 

-11.8 

24 

Lick 

2  1      16     9  46 

59    17.31 

+   .16 

+   8  27 

1.7 

+  3.8 

+   4.6 

-  3.9 

25 

Lick 

24      16  35    11 

19   59   19.24 

+   .20 

+   8   26 

33.5 

+  3.9 

+  14.6 

+    1.1 

26 

Lick 

25     16  50  40 

20     1   51.05 

+    .22 

+   85 

8.3 

+  4.0 

+  22.4 

—  14.6 

27 

Vienna 

27       9   15  25 

6   10.56 

+   .30 

+    7  29 

14.8 

+  5.4 

+    2.2 

—  10.1 

28 

Vienna 

Nov.     7       6     7  20 

35  58.10 

+    .08 

+   3  50 

17.3 

+  5.4 

+   3.7 

—  6.5 

20 

Lick 

7     15  37   1-1 

37     7.25 

+    .13 

+   3  42 

44.3 

+  4.2 

—  4.2 

—   2.7 

30 

Vienna 

9        5  47  39 

20    11   45.25 

+    .05 

+  3  12 

54. 1 

+  5.4 

+  0.6 

—   1.7 

31 

Lick 

21      15  37  40 

21    19  46.77 

+  0.14 

—  0   16 

42.8 

+  4.5 

+    1.6 

+  17.7 

*  Corrected  bv  1'  before  using. 


In  order  to  judge  of  the  proper  weights  to  assign,  a  rough 
computation  of  probable  errors  was  made  by  taking  the  mean 
of  all  the  residuals  in  each  coordinate  and  subtracting  it 
from  the  individual  values.  Since  there  are  not  enough  ob- 
servations to  treat  each  series  by  itself.  I  lirst  formed  three 
groups,  the  Lick,  the  Vienna,  and  all  the  rest  taken  together. 
For  these  I  found, 


J(I  cos  8 

M, 

Lick, 

±5".  7 

±7".0 

Vienna, 

±3  .0 

±3   .3 

All  others, 

±3  .7 

±  I  .5 

An  inspection  of  the  individual  values  of  the  third  group 
shows  that,  witli  the  exception  of  rather  large  residuals 
given  by  Harvard  in  right-ascension  on  Oct.  19,  and  by 
Paris  in  declination  on  Oct.  21.   tbey   may  be   considered 


comparable  with  the  Vienna  series.  Taking  the  second  and 
third  groups  together,  ire  find  ±3". Sand  ±4".2,andassigning 
unit  weight  to  these,  the  first  group  would  be  entitled,  accord- 
ing to  the  usual  formula,     p  =  -, ,  to  a  little  over  one-third 

weight.  1  have  considered  it  better,  however,  in  view  of 
the  large  residual  in  declination  on  Nov.  21.  when  the  comet 
was  very  faint,  to  increase  the  weight  to  one-half.  It  should 
be  stated  that,  after  forming  the  equations  of  condition. 
I  tried,  by  giving  more  weight  to  this  last  observation,  to 
find  an  orbit  that  would  reduce  this  large  residual,  but  with- 
out success. 

The  equations  of  condition  were  formed  by  taking  to- 
gether all  the  observations  of  each  day,  and  forming  the 
weighted  mean. 


Equations  of  Condition  in  Right-Ascension. 


Weight 


1 

0 

=: 

+   9.5 

+  1.063  z/* 

— 0.238    /o 

—0.193  K 

— ::.2l."../c 

+  3.201    IM„ 

—242.0^ 

0.5 

2 

0 

^= 

+    2.9 

+  1.054 

—0.2.".  7 

—0.184 

—3.206 

+  3.232 

—235.1 

0.5 

3 

0 

• — : 

+    0.6 

+  1.051 

—0.237 

—0.181 

—3.192 

+  3.244 

—  232.6 

1.5 

4 

0 



+    1.5 

+  1.04  7 

—0.236 

—0.177 

—3.171 

+  3.261 

—229.0 

2.5 

5 

0 

= 

+   6.5 

+  1.041 

—0.235 

—0.17:; 

—3.152 

+  3.275 

—225.7 

1.5 

6 

0 

:= 

+  11.8 

+  1.038 

—0.234 

—0.169 

—3.130 

+3.294 

—  221.8 

2.5 

7 

0 

I=Z 

+   3.8 

+  1.035 

— 0.2:;  1 

—0.166 

—3.110 

+3.309 

—218.2 

4.0 

8 

0 

z=z 

+    6.4 

+  1.030 

—0.2  32 

—0.160 

—3.090 

+  3.o27 

—  214.5 

1.0 

9 

0 

— 

+  13.6 

+  1.027 

—0.232 

—0.157 

— .-..066 

+  3.346 

—210.5 

1.5 

10 

0 

— 

+    0.4 

+  1.023 

—  0.230 

—0.153 

—3.0  1.', 

+  3.362 

—206.7 

1.0 

11 

0 

=z 

+   9.6 

+  1.018 

—0.229 

—0.147 

—  3.015 

+  3.384 

—201.5 

1.0 

12 

0 

= 

+  22.4 

+  1.015 

—0.228 

—0.143 

—2.990 

+  3.4  0  1 

—198.0 

0.5 

13 

0 

= 

+   2.2 

+  1.008 

—0.226 

—0.136 

—2.948 

+  3.435 

—190.6 

1.0 

14 

0 

= 

+   1.1 

+  0.972 

—0.212 

—0.091 

—2.634 

+  3.631 

—  141.1 

1.5 

15 

0 

^ 

+   0.6 

+  0.966 

—0.207 

—0.084 

— 2.."i7."i 

+  3.664 

—  132.4 

1.0 

16 

0 

~ 

+    1.6 

+  0.926 

—0.183 

—0.040 

—2.130 

+  3.850 

—  69.1 

0.5 

186 

THE 

A  s  T RONOM1CAI 

JOURNAL. 

N°- 

310. 

Ya<\  ATKINS    OF 

Condition  in 

1  >l  1   UNATT'iN. 

Weight 

1 

0 



a 

+    4.8 

+  0.235 

/.7 

+  O.430z/&    + 1.052. // 

— 0.606   itf 

+0.792  AM9 

— 34.34* 

0.5 

•> 

0 



—  4.7 

+0.216 

+  0.4  10 

+  1.029 

— 0.5*6 

+  0.707 

—35.7 

0.5 

8 

ii 



—  6.8 

+  0.2H7 

+  0.-116 

+  1.018 

—0.57;; 

+  0.676 

—36.4 

1.5 

4 

0 



—  9.6 

+  0.197 

+  0.452 

+  1.005 

—0.562 

+  0.636 

—37.2 

2.5 

.*) 

(1 

; 

—  9.7 

+  0.188 

+  0.457 

+0.993 

—0.553 

+0.599 

—38.1 

4.5 

6 

0 



—  10.1 

+  0.177 

+  0.463 

+  0.979 

—  0.511 

+  0.557 

—39.0 

2.5 

7 

0 

— 

—  12.1 

+  0.168 

+  0.468 

+  0.967 

—0.532 

+  0.520 

—39.9 

4.0 

8 

0 



—  1  1.1 

+  0.158 

+  0.473 

+  0.95  2 

—0.521 

+  0.480 

—40.9 

1.0 

9 

II 

z= 

—  13.7 

+0.147 

+  0.479 

+  o.:i:;s 

—0.512 

+  0.437 

11.9 

1.5 

in 

0 

~~ 

—11.8 

+  0.138 

+  0.483 

+0.925 

—0.505 

+  0.400 

—42.9 

1.0 

1 1 

0 

— 

—   1.3 

+  0.127 

+  0.4NS 

+  0.910 

—0.495 

+  0.355 

—44.2 

1.0 

12 

0 

— 

—14.6 

+  0.117 

+  0.494 

+  0.893 

—0.486 

+  0.314 

—45.3 

0.5 

13 

0 



—  10.1 

+  0.100 

+  0.504 

+  0.862 

—0.474 

+  0.244 

-47.  1 

1.0 

14 

0 

^= 

—  5.2 

0.000 

+  0-542 

+  0.700 

—0.430 

-0.162 

-62.7 

1.5 

15 

0 



—  1.7 

—0.015 

+  0.54.S 

+  0.670 

—0.427 

—0.229 

—66.1 

1.0 

16 

0 

= 

+  17.7 

—0.101 

+  0.570 

+  0.468 

—0.454 

—0.561 

—85.7 

0.5 

Multiplying   each    equation    by  the    square  root   of    its    weight,   and    expressing  All  in    hundredths,  we  derive  the 
following 

Normal  Equations. 


+  26.88  J,t 

—  4.17. 

'8 

—  0.36  Ai 

—  79.84  A<e 

+    87.37 

/.!/„ 

—  54.81 

Jll{.Q\) 

+  104.19  =  0 

—  4.17 

+    6.94 

+  11.82 

+    11.30 

—  14.08 

+      6.86 

—  132.61   =  0 

—  0.36 

+  11.82 

+  22.56 

—     0.28 

—     1.83 

—      1.32 

—232.80  =  0 

— 79.84 

+  11.30 

—  0.28 

+  238.40 

—258.53 

+  164.91 

—308.35  =  0 

+  87.37 

—14.08 

—  1.83 

—258.53 

+  285.33 

—  176.17 

+  340.55  =  0 

—54.81 

+   6.86 

—  1.32 

+  164.91 

—176.17 

+  115.45 

—210.40  =  0 

On  account  of  the  near  approach  to  identity  of  the  equa- 
tions of  condition,  it  is  impossible  to  solve  the  normal 
equations  in  the  usual  manner.  It  was  therefore  done  by 
substituting  successive  trial-values  of  the  unknown  quanti- 
ties, until  the  sum  of  the  squares  of  the  residuals  could  not 
be  further  reduced.     The  values  thus  obtained  are  : 


An  =  — 0".20 
AQ  0  .00 


li  : 

Au> 


+  10".  50 
+   1  .47 


AM0  —  + 1".48 
A/x  +0  .0198 


And  the  final  elements  are : 

Osculating  epoch  1892  Oct.  22.5  Berlin  mean  time. 


M„  =  352  8  14.48 
n  =     17     1  34.20 

SI  =  206  42  28.60 
i  =     31    10  35.60 


1892.0 


<p  —     35   19   12.37 
logic  =  2.7558134 
log  a  =  0.5294621 

I  have  not  attempted  to  get  the  weights  of  the  quantities 
from  the  normal  equations.  They  would  of  course  come 
very  small,  and  it  may  very  well  be  that  the  method  of  first 
determining  the  corrections  to  the  geocentric  distances,  and 
from  these  the  elements,  would  be  preferable  in  this  case. 
I  have  not  time,  however,  at  present  to  follow  up  the  in- 
vestigation myself. 

By  recomputing  the  ephemeris  with  the  corrected  ele- 
ments, and  again  comparing  the  observations,  we  get  the 
following  tables : 


Lick. 

Vienna. 

Hamburg. 

Date 

Ac  cos  8 

zlS 

Date 

Ja  cos  8 

J8 

Date           Ju  cos  8 

J8 

Oct.     13 

+   2^2 

+  15.5 

Oct. 

16 

—4^9 

—  0°2 

Oct. 

17       —  8.8 

—2.3 

15 

—  3.8 

+   5.6 

20 

—0.7 

->.2 

18       —  0.4 

+  0.8 

16 

—  8.2 

+  10.5 

23 

—4.8 

—  3.3 

17 
18 

19 

—  2.9 

—  10.9 

—  0.7 

+  11.7 

+   4.7 
+   4.8 

Nov 

27 
7 
9 

—2.2 

+  1.3 
—1.3 

—  2.5 

—  1.3 
+   2.7 

Oct. 

Kopekhagen. 

18       +   8.2 

+  0.7 

22 

+    9.9 

+  12.8 

24 
24 
25 
Nov.     7 
21 

—  0.4 
+   9.5 
+  17.6 

—  6.6 
+    2.2 

Pi  I.KOWA. 

+   4.4 
+   9.7 
—  6.6 
+   2.5 
4-19.5 

Oct. 

17 

18 
20 
21 
22 

Paris. 
—  1.8 

+  0.1 
—2.8 
+  0.7 
+  7.2 

—  2.3 

—  2.1 

—  2.3 

—  5.0 

—  13.7 

Oct. 
Oct. 

Algiers. 

IS       —  1.0 

Harvard. 

19       +12.8 

—1.0 
—0.6 

Oct.    19 

+    2.1 

—  2.9 

NoRTHFIELD. 

20 

+    1.6 

—  3.5 

Oct. 

20       —  6.6 

—3.1 
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Probable  error  of  1  obs.  of  unit  weight, 
"  '•        for  Lick, 

"  "  ••       for  all  others, 


Ju  cos  5        J  8 

a  it 

±3.61  ±3.76 

±5.5  ±8.0 

±3.1  ±2.4 


From  the  foregoing  it  is  evident  that  too  much  weight 
relatively  was  given  to  the  Lick  observations,  especially  in 
declination.  The  most  curious  fact  is  that,  with  oue  excep- 
tion, the  declinations  of  this  series  all  deviate  in  the  same 


direction.  I  have  gone  over  my  work  to  see  that  the  longi- 
tude was  properly  applied,  and  that  no  constant  error  was 
made,  and  am  unable  to  offer  any  explanation. 

The  period  of  the  comet  is  6T.226,  and  at  its  next  two  re- 
turns, in  1899  and  1905,  it  will  not  approach  near  enough  to 
the  earth  for  observation,  in  1911  it  comes  to  perihelion 
in  August,  anil  will  be  less  favorably  placed  than  when  dis- 
covered. It  is  not  likely,  therefore,  that  it  will  be  seen 
again  until  1917.  when  it  comes  to  perihelion  in  November. 


ON  THE  VARIABILITY  OF  (1805)  —ORIONIS,  DM.47°3038  AND  (8116)  —CEPIIET. 

By  PAIL  S.YENDELL. 


(1805)  —  Orion  is. 
Attention  was  called  to  the  probable  variability  of  this 
star,  which  is  DM.  +3°766,  by  Boss,  in  this  Journal.  Vol. 
VII,  p.  125  ;  I  have  observed  it  since  1892  Jan.  1,  but  have 
never  seen  anything  in  its  place  until  1893  Nov.  30,  when  I 
found  a  star  there  which  I  estimated  at  11M.5  to  12M.0,  be- 
ing just  held  on  a  very  clear,  moonless  sky  :  from  that  time 
until  1894  Jan.  2,  it  has  risen  steadily  to  8M.8  ;  these  obser- 
vations remove  all  doubt  of  the  star's  variability. 

DM.  47°3038. 

u  =  20''  <;'"  23".6,         S  =  +47"  23'.0     (1855). 

The  probable  variability  of  this  star  was  announced  by 
Deichmuller,  Astr.  Nachr.  3191.  From  1893  October  17 
to  December  311  have  thirty  observations  of  it,  which  ap- 
pear to  confirm  its  variation  ;  the  range  seems  to  be  from 
7*.o  to  8M.3.  in  a  period  of  about  6d.16.  Maxima  are  indi- 
cated on  October  29,  November  4.  10,  30,  and  December 
17  ;  and  minima  on  October  19  and  31,  and  Nov.  25.     The 

Dorchester,  Mass.,  1894  January  5. 


data  at  hand  are  not  yet  sufficient  for  a  more  definite  de- 
termination. 

(8116)  —Cephei. 
This  star  is  DM.  57°2568,  and  was  suspected  of  variability 
by  Espin  (see  Chandler's  Second  Catalogue,  p.  21)  ;  my 
observations,  numbering  32,  since  1893  Nov.  9,  indicate 
that  it  is  variable  from  8". 3  to  7*. 3,  in  a  period  of  about  7] 
days,  the  increase  being  slightly  quicker  than  the  decrease. 
The  data  now  on  hand  are  insufficient  for  an  accurate  determi- 
nation of  period  or  light-curve,  but  maxima  and  minima 
have  been  observed  as  follows  : 


Mamma 

w 

Minima 

to 

1893  Nov.  22.0 

2 

1893  Nov.     9.2 

1 

Dec.    13.7 

3 

17.3 

2 

20.1 

2 

25.4 

4 

28.0 

3  . 

Dec.      3.3 

3 

16.3 

1 

23.0 

•> 

The  star  is  quite  red,  a  mean  of  five  observations  indi- 
cating a  coloration  of  6.0. 


The  above  confirmation,  by  Mr.  Yexdell,  of  the  variability  of  two  of  the  stars  in  Chandler's  list  of  those  announced 
but  not  yet  confirmed  (A.J.  300,  p.  109),  and  of  Deichmuli.er's  star  (A.N.  3191),  permits  the  assignment  of  their  defini- 
tive notation.  This,  and  the  data  corresponding  to  the  left-hand  page  of  his  Catalogue,  have  been  supplied  by  Dr. 
Chandler.  —  Ed. 


No. 


1815 
724  7 
8116 


Star 


V  Oriouis 
RXCygui 
W  Cephei 


R.A. 


1900.0 


Decl. 


5     0    17 

+   3 

58.0 

20     7  46 

+  17 

30.9 

22  32  39 

+  57 

54.4 

1900 
Annual  Variation 

181 
R.A. 

>5.0 

Decl. 

Red- 
ness 

Mag 
Max. 

nitude 
Min. 

8 

+  3.16 
+  1.84 
+  2.28 

+  0.09 

+  0.18 
+  0.31 

h             111           | 

4  58  25 

20     6   24 
22  30  56 

+   3°  54.0 

+  47   23. 0 
+57  40.5 

6.0* 

8.8< 
7.5 

7.3 

12< 

8.3 
8.3 

NOTES   ON  LONG  PERIOD  VARIABLES, 

By  J.  A.  PARKHURST. 

The  following  observations  were  made  from  May  to  De- 
cember 1893,  by  Argelander's  method,  with  a  6. 2-inch 
Brashear  reflector.  The  magnitudes  are  photometric,*  and 
only  approximate. 

107.     TCassiopen 
Seventeen  observations  of  this  star,  from  1893  July  7  to 


Dec.  8,  show  a  minimum  of  about  12".  Aug.  27.  From  that 
time  the  rise  was  steady.  At  the  last  observation  the  Star 
was  8M..">. 


♦Scale  of  Mr.  Henry  M.  PaRKHURST.     See  A.J.  no.  30S,  p.  167. 


1113.     UArietis. 
Seventeen  observations,  from  1893  Oct.  1  to  Dec.  12,  in- 
dicate   a    maximum   of    9",    Nov.    16.     During  the   time   of 
observation  the  star  ranged  from  10". 5  to  9".     The  decline 
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was  a  little  more  rapid  than  the  rise.     Dec.  12  it  was  about 
10*. 

4511.     T  Ursae  Majoris. 
I  observed  this  star  from  18;);!  May  11  to  Aug.  11,  after 
which  time  it  was  invisible  under  poor  conditions  till  Oct. 9. 
Ii  was  followed  from  that  time  until  Dec.  12.     Sixteen  ob- 
servations yield  a  minimum  <  1 2",  1893  Aug.  22. 

4557.     S  Ursae  Majoris. 
I    have   twenty-two  observations  of  this  star,  from    1893 
May   11   to  Dec.  12.     They  show  a  well-marked  minimum 
<12\  l.siC-5  Sept.  1. 

5190.     R  Camelopardalis. 
Eighteen  observations,  extending  from   1893  May  10  to 
Dec.  8,  show  a  minimum  <12",   189,'!  Sept.  15.     The  star 
reached  my  limit  of  vision  at  its  minimum.     The  rise  was  a 
little  more  rapid  than  the  decline. 

5157.     S  Bootis. 
This  star  was  observed  eighteen  times,  from  1893  May  13 
to  Dec.  12.     A  fairly  well-defined  maximum  8M.2  seems  to 

Marengo,  III.,  1893  Dec.  16. 


be  indicated    for   1898  Aug.  17.      When  last  observed  the 

star  was  <  1  2". 

5338.  U  Bootis. 
When  first  observed,  1893  Aug.  7,  this  star  was  11M.7. 
It  then  rose  gradually  to  a  maximum  10*. 7,  Oct.  6,  after 
which  it  fell  more  rapidly  till  the  last  observation,  Dec.  12, 
when  it  was  <  12*.  I  have  seventeen  observations  between 
the  above  dates. 

5948.     R  Ursae  Minor  is. 

Twenty  observations,   from    1893  May  10  to  Dec.  8,  yield 

two  maxima,  1893  June  6,   9M.0,  and   Nov.  19,   8".7  ;    also 

one   minimum  Aug.  26,  9*.5.     The  observations  were  fairly 

accordant,  but  the  range  was  so  small  that  I  do  not  consider 

the  results  very  reliable. 

» 

7-220.  S  Cygni. 
This  star  was  invisible  till  1893  Sept.  4,  from  which  date 
I  have  twenty-one  observations  extending  to  Dec.  12.  It 
rose  rapidly  from  <12"  to  a  maximum  10M,  1893  Oct.  26, 
after  which  it  fell  more  slowly,  till  when  last  seen  it  was 
11M.7.  There  are  no  certain  indications  of  Townley's 
secondary  maximum. 


SOME  RECENT  PAPERS  ON  THE  REDUCTION  OF  ASTRONOMICAL 

PHOTOGRAPHS, 

By  HAKOLD  JACOBY. 


So  much  attention  has  been  given  recently  to  astronomi- 
cal photography,  that  it  is  not  surprising  to  find  quite*  a 
large  number  of  papers  in  recent  astronomical  literature 
relating  to  photographic  reductions.  No  doubt  the  best 
method  of  performing  the  necessary  operations  will  not  be 
determined  until  several  extensive  series  of  observations 
have  been  computed  ;  and  after  all,  personal  opinibn  and 
habit  may  have  much  to  do  with  the  decision.  But  it  is  im- 
portant at  the  outset  not  to  lose  sight  of  certain  definite 
principles,  a  neglect  of  which  might  perhaps  lead  to  actual 
error.  Many  of  the  recent  papers  deal  with  the  refraction, 
aberration,  scale- value,  and  other  corrections  required  by 
the  photographic  results,  aud  numerous  methods  of  calcu- 
lating these  various  quantities  are  proposed.  Some  of  the 
authors  even  aim  at  avoiding  these  corrections  altogether, 
aud  it  is  to  their  papers  that  special  attention  is  called. 

It  may,  perhaps,  be  stated  as  a  general  principle,  deducible 
from  the  history  of  science,  that  whenever  astronomers 
have  introduced  computed  corrections  of  their  observations, 
a  distinct  advance  in  accuracy  has  been  attained.  But  we 
may  regard  with  suspicion  every  attempt  to  substitute  for 
computed  corrections  either  accuracy  in  instrumental  adjust- 
ment or  some  special  device  in  arrangement  of  observations. 
It  is  for   this  reason  that  I    have  thought  it  of   interest  to 


consider  the   following  three  papers,   whose  titles  are    set 
down  in  the  order  of  their  publication. 

I.  Dr.  S.  C.  Chandler,  "A  device  for  eliminating  re- 
fraction in  micrometric  or  photographic  measures" 
(Astron.  Journ.~S.il,  51). 
II.  Dr.  F.  Wilsing,  "Ueber  die  Parallaxe  des  planelari- 
schenNebels,"  B  D.  41°4004  {Astron.  Nachr.  3190) . 
III.  Mr.  II.  II.  Turner,  "How  to  obtaiu  a  star's  right- 
ascension  and  declination  from  a  photograph." 
{Observatory  XVI,  373). 

It  is  well  known  that  the  configuration  of  stars  as  actually 
found  on  the  photographic  plate,  and  that  which  would  there 
be  found  if  there  were  no  refraction,  aberration,  varying 
scale-value,  etc.,  may  be  regarded  as  perspective  projections 
of  each  other.  This  theorem  was  noted  by  Professor  Thiele, 
who  made  use  of  it  for  the  comparison  inter  se.  but  not  for 
the  complete  reduction  of  several  plates  of  the  Pleiades 
made  by  the  Henry  brothers  in  1886  (Bull.  Com.  Perm.  I,  58). 
Of  course  it  is  not  rigorously  true,  —  the  mathematical  rela- 
tion being  really  of  a  far  less  simple  character  ;  but  it  may 
be  regarded  as  a  very  close  approximation  to  the  truth. 
Adopting  the  notation  of  Thikle,  the  general  expressions 
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for  the  rectangular  coordinates  x,  >/,  of  the  perspective  pro- 
jection of  a  point  .'-,.</,.   are: 


(1)      x  = 


1  +  mx„  +  »y„ 


y  = 


q  +  cxe  +  '///„ 

1   +  »«.!■„  4-   /,_;/„ 


These  equations  are  a  statement  of  the  above  theorem  in 
mathematical  language,  if  we  let  x„  and  y„  be  the  observed 
rectangular  coordinates  of  a  star  on  the  plate  and  x.y,  the 
same  coordinates  corrected  for  refraction,  etc. 

Botli  Dr.  Cha.ndi.er  and  Mr.  Tdrnee  make  use  of  this 
theorem.  Dr.  Chandler  determines  from  the  known  laws 
of  refraction  those  constants  of  the  above  equations  (1) 
which  depend  on  refraction.  In  ether  words,  lie  determines 
the  position  of  the  plane  upon  which  a  perspective  projec- 
tion of  the  actual  photograph  would  appear  undistorted  by 
refraction.  He  proposes  to  place  the  plate  in  the  plane  thus 
determined,  and  in  this  way  avoid  altogether  the  correction 
for  refraction.  Dr.  Chandler  ends  his  paper  with  the  re- 
mark that,  ''it  is  unnecessary  to  indicate  the  obvious  and 
simple  mechanical  contrivances  by  which  this  method  may 
be  applied."  Doubtless  such  contrivances  could  be  invented, 
but  they  would  necessarily  tend  to  complicate  the  plate 
carrying  apparatus.  Complication  always  diminishes  pre- 
cision ;  and  astronomy's  newest  and  very  powerful  means 
of  research  should  be  most  carefully  guarded  from  even  the 
slightest  sacrifice  of  rigid  accuracy.  Dr.  Chandler's  sug- 
gested method  is  sufficiently  exact  theoretically,  but  there  is 
a  strong  probability  that  its  practical  execution  would  offer 
very  great  difficulties. 

Mr.  Turner,  on  the  other  hand,  proposes  a  method  which 
would  be  very  convenient  to  apply  in  practice,  were  it  not 
for  the  theoretical  difficulties  standing  in  the  way.  Follow- 
ing Professor  Thiele's  article  already  quoted,  Mr.  Turner 
begins  by  substituting  for  equations  (1)  the  following  : 


(2) 


x  =  p  +  ox,  4-  by0     ,     y  =  q  +  cx„  +  dyB 


This 


the  constants  m  and  n  having  been   put  equal  to  0 
simplification  is  allowable. 

Now  ./•  and  y  are  the  rectangular  coordinates  of  any  star 
such  as  they  would  be  if  no  refraction,  etc.,  existed,  and 
.!•„.  >/,,.  the  actual  measured  coordinates.  For  any  star  whose 
right-ascension  and  declination  are  known,  x  and  ;/  can  be 
computed,  so  that  .<•„  and  //„  having  been  measured  on  the 
plate,  three  known  stars  will  be  sufficient  to  determine  the 
six  constants  of  equations  (2).  The  constants  once  de- 
termined, the  .randy  of  any  unknown  star  can  be  computed 
from  the  measured  x„  and  y„.  and  from  the  x  and  y  we  can  I 
again  proceed  to  rigid-ascension  and  declination.  It  is  at 
once  evident  that  there  is  something  peculiar  in  this  method  : 
for  we  know  that  two  known  stars  on  the  plate  are  theoreti- 
cally sufficient  to  allow  of  its  complete  reduction,  while  Mr. 
Ti  rnkr's  method  requires  three  such  stars.  The  cause  is 
easily  found.  The  known  stars  are  not  only  made  to  fur- 
nish  the  indispensable  coustauts  depending  on  the  plate's  I 


position,  but  they  are  also  made  to  furnish  those  constants 
that  depend  on  refraction.  But  these  latter  constants  the 
plates  are  not  really  competent  to  determine.  They  ought 
to  be  derived  from  the  known  laws  of  refraction.  In  fact, 
it  woidd  actually  be  possible  by  Mr.  Turner's  method  to 
derive  from  each  photographic  plate  a  numerical  determina- 
tion of  the  Besselian  refraction-constant,  if  we  knew  the  side- 
real time  of  exposure  and  the  latitude.  But  such  a  de- 
termination would  have  extremely  little  weight.  If  the  re- 
fraction has  been  allowed  for  by  suitable  special  correction 
formulae,  Mr.  Turner's  equations  (2)  become: 


x  =  ox,  +  by0 


y  =  cx0  +  dy0 


(3) 


in  which  the  number  of  constants  has  been  n  duced  to  four, 
thus  admitting  of  a  solution  by  means  of  two  known  stars. 
The  introduction  of  the  two  unnecessary  constants  p  and  q 
would  always  greatly  weaken  the  determination  of  the  re- 
maining four  constants,  no  matter  how  many  known  stars 
there  might  be  on  the  plate.  This  weakness  would  then  re- 
appear in  the  final  positions  deduced  for  the  unknown  stars. 
It  may  indeed  be  predicted  that  should  any  very  huge  num- 
ber of  plates  be  reduced  by  tins  method,  a  re-reduction  will 
have  to  be  undertaken  sooner  or  later. 

In  Dr.  Wilsing's  paper  the  object  aimed  at  is  a  determi- 
nation of  the  parallax  of  one  of  the  stars  on  the  plate,  and 
not  the  complete  micrometric  measurement  of  the  positions 
of  all  the  stars.  In  order  to  avoid  the  refraction  and  aber- 
ration corrections  altogether,  the  author  determines  the  scale 
value  from  a  pair  of  stars  so  situated  that  the  middle  point 
of  the  line  joining  them  is  also  the  middle  point  of  the  line 
joining  the  parallax  star  and  its  comparison-star.  All  four 
stars  must  also  lie  on  the  same  great  circle.  If  we  neglect 
the  terms  of  refraction  depending  on  powers  of  the  distance 
higher  than  the  first,  the  above  method  is  exact  theoreti- 
cally. It  is  otherwise  with  the  author's  statement  regarding 
the  difficulties  which  he  thinks  might  arise  from  the  length- 
ening of  the  images  caused  by  refraction  during  the  ex- 
posure. The  proposed  method  would  not  need  to  avoid 
these  difficulties,  since  the  middle  point  of  the  image  will 
always  correspond  to  the  middle  time  of  exposure  when  the 
higher  terms  of  refraction  referred  to  above  are  really  neg- 
ligible. This  matter  is  of  little  importance,  however,  since 
it  is  not  probable  that  parallax  plates  will  ever  be  taken  at 
sufficiently  great  zenith  distances  to  allow  of  a  sensible 
lengthening  of  the  images  by  refraction.  On  the  other  hand, 
the  condition  that  four  stars  must  lie  on  the  same  great 
circle  might  often  be  found  very  difficult  to  fulfil. 

The  most  important,  objection  to  this  method,  however, 
consists  in  the  introduction  into  the  parallax  result  of  part 
of  the  uncertainty  of  the  scale-value  determination.  Avoid- 
ing the  refraction-correction  saves  but  a  few  minutes  of 
computation,  while  the  elimination  of  the  scale-value  uncer- 
tainly really  increases  the  precision  of  the  parallax.  For 
Hi.     scale-value   is   affected   at   least   by  the   uncertainly  that 
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attaches  to  the  bisection  of  the  scale-value  shirs;  and  its 
actual  error  will  be  still  greater,  if  we  admit  the  probability 
of  distant  stars  being  affected  differently  from  central  ones 
by  temperature-variations  or  other  instrumental  changes.. 

Let  the  observer  select  two  comparison-stars  equidistant 
from  the  parallax-star,  and  such  that  all  three  shall  lie  upon 
a  suitable  great  circle.  Then  the  uncertainty  of  scale-value 
can  he  practically  excluded  from  the  parallax-result,  pro- 
vided only  that  we  adopt  the  assumption  that  stars  equi- 
distant from  the  center  will  he  equally  affected  by  instru- 
mental changes. 

Even  this  last  assumption  would  be  unnecessary,  if  ob- 
servations could  always  be  made  in  both  positions  of  the 
telescope,  or  if  the  object-glass  could  be  revolved  about  its 
optical  axis,  so  that  the  observer  might  turn  it  180°  between 


the  successive  exposures  on  the  same  night.  An  object- 
glass  so  mounted  would  also  permit  of  our  studying  the 
optical  distortion  by  comparing  the  photographs  of  the  same 
group  of  stars  made  in  different  positions  of  the  object- 
glass.  Such  a  comparison  could  perhaps  even  be  made 
with  a  photographic  telescope  mounted  in  the  usual  way,  by 
pointing  at  the  pole,  and  photographing  the  close  polar  stars 
with  widely  varying  leadings  of  the  hour  circle. 

In  conclusion,  then,  we  may  say  that  no  one  of  the  three 
proposed  methods  of  avoiding  the  refraction  anil  other  cor- 
rections may  be  adopted  without  risking  some  condition 
essential  to  accuracy:  and  astronomers  who  aim  at  the 
highest  precision  will  have  to  continue  the  use  of  the  com- 
puted corrections. 

Columbia  College  Observatory,  New  York,  1893  Nov.  28. 


OBSERVATIONS   OF   COMET  c  1893  {brooks,, 

MADE   AT   THE   CINCINNATI    OBSERVATORY, 

By  J.  G.  PORTER. 


No. 

4 

-* 

a     s  apparent 

logpA 

1893  Cincinnati  M.T. 

* 

Comp. 

da. 

jS 

a                         8 

for  a       1     for  6 

Dec.     6 

h         in          s 

15  54   29 

1 

8  ,  8 

-f-i"'  6>.n 

—3   37.2 

h          in         s 

14  32     3.01 

+  59  28   13.6 

w9.952      0.322 

1.".  54   29 

3 

2  .  2 

—8     7.86 

—0  58.3 

14  32     3.34 

+  59  28  18.4 

»(9.952 

0.322 

7 

7     0  40 

4 

8  .  s 

+  3   4C.07 

+  1   28.6 

14    35   51.30 

+  60  10  30.3 

9.742 

0.877 

10 

10  21    13 

5 

10  ,  10 

—2   27.29 

—1   39.9 

14  57  28.67 

+  63  38   17.7 

n9.295 

0.930 

11 

6   10  42 

7 

8  ,  8 

—0     2.74 

+  4   13.2 

15     3  53.86 

+  64   31     5.2 

9.926      0.791 

Mean  Places  for  1893 

0  of  Comparison- Stars. 

Bed.  to 

8 

Red.  to                                      .     ,     .. 

* 

a 

app.  place 

app.  place  J                                     Authority 

1 

ll           111          8 

14  30  56.64 

+  8.04 

+  59  32   18.9 

—28.1 

Equatorial  ;   comparison  with 

2 

14  39   13.78 

•       ■       • 

+  59  32     8.9 

■ 

Krueger,  A.G.  Catal.  8088 

3 

14   40   11.31 

—0.11 

+  59   29   44.0 

—27.3 

Krueger,  A.G.  Catal.  8094 

4 

14  32     5.23 

0.00 

+  60     9  30.0 

—28.3 

Krueger,  A.G.  Catal.  8047 

5 

14  59  56.71 

—  0.75 

+  63   40   25.2 

—27.6 

Equatorial  ;  comparison  with 

6 

15     5  48.43 

•        • 

+  63  31   32. S 

•       •       • 

Krueger,  A.G.  Catal.  8247 

7 

15     3  57.49 

—0.89 

+  64  27   19.7 

—27.7 

Krueger,  A.G.  Catal.  8234 

Note.  —  On  all  these  dates  the  comet  was  very  faint  and  diffuse.     Observations  difficult,  and  not  very  trustworthy. 


NEW    ASTEROID. 


Prof.  Krueger  has  communicated  the  photographic  discovery  of  an  asteroid  by  Mr.  Chaklois. 
[893   AP     12"     Dec.  6  9h  58'". 0  Nice  M.T.     a  =  41'  21m  48%  8  =  + 18°  5'.      Daily  motion,  —48s  in  a,  and  4'  southward. 


The  asteroids  uos.  334  and  344  have  received  the  names  Chicago  and  Desiderata,  respectively. 


No.  309,  p.  181,  col.  1,  line  ' 


CORRIGENDUM. 

for     1893  Julia,    put     (89)  Julia. 
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CONSIDERATIONS  ON   THE   BEST  METHOD  OF  DETERMINING  POSITIONS  OF 

THE  PLANETS   BY   OBSERVATION. 

By  SIMON  NEWCOMB. 


Except  in  the  case  of  certain  minor  planets  belonging  to 
the  group  between  Mars  and  Jupiter,  the  existing  table-,  of 
the  planets  are  founded  on  meridian  observations  of  those 
bodies.  Such  observations  have  proved  more  satisfactory 
than  differential  comparisons  with  stars  made  with  the  equa- 
torial. Still  the  labor  involved  in  making  them  is  very 
great,  and  the  results,  when  examined  from  the  critical 
standpoint  of  our  present  astronomy,  are  not  altogether  sat- 
isfactory. With  the  exception  of  Neptune,  all  the  major 
planets  of  the  system  have  sensible  disks,  and  the  personal 
equation  of  an  observer  is  therefore  different  in  the  case  of 
a  planet  and  of  a  star.  Small  systematic  errors  may  thus 
arise  which  no  amount  of  research  and  no  multiplication  of 
observations  can  wholly  eliminate.  This  difficulty  is  felt 
especially  in  the  eases  of  Venus  and  Mercury. 

The  system  of  observation  introduced  by  Dr.  Gili.  in  his 
expedition  to  Ascension  Island  in  1877  seems  to  me  one 
which  can  be  so  applied  as  to  make  a  remarkable  advance 
in  the  precision  with  which  the  positions  of  the  planets  can 
be  determined.  In  principle  it  is  this:  —  A  sufficient  num- 
ber of  stars  near  the  apparent  path  of  the  planet  are 
selected  as  comparison-stars.  Their  positions,  or  at  least 
the  positions  of  the  brighter  of  them,  are  determined  as 
well  as  possible  by  meridian  observations.  They  are  then 
subjected  to  a  system  of  triangulation  by  means  of  the 
beliometer,  the  distances  and  position-angles  of  each,  with 
reference  to  such  surrounding  ones  as  can  be  reached  bv  the 
heliometer,  being  carefully  measured.  This  triangulation  is 
used  to  correct  the  results  of  the  meridian  observations,  and 
thus  reduce  the  whole  body  of  stars  to  a  consistent  system. 
The  position  of  the  planet  is  then  measured  from  two  or 
more  of  the  comparison-stars  from  night  to  night  by  the 
heliometer,  during  the  period  of  opposition,  or  as  long  as 
may  be  considered  necessary. 

The  most  remarkable  feature  of  this  method  is  the  ex- 
treme precision  which  has  thus  been  attained.  Whereas,  in 
meridian  observations,  the  limit  of  precision  of  the  results 
obtainable  at  a  single  opposition  must  be  measured  by  rough 
fractions  of  a  second,  the  probable  error  of   the  determi- 


nations by  Dr.  Gill's  method  for  a  single  evening  seems  to 
be  only  about  a  tenth  of  a  second.  An  illustration  of  tliis 
fact  has  just  come  to  my  knowledge,  which  is  so  striking  as 
to  be  worthy  of  mention. 

In  the  discussion  of  his  work  at  Ascension,  Dr.  Gill 
found  a  curious  periodic  correction  to  the  tabular  li'jlit- 
ascensions  of  Mars,  having  a  coefficient  0".376,  and  a 
period  of  13.(526  days.  (See  Memoirs  of  the  Royal  Astro- 
nomical Society,  Vol.  XLVI,  pp.  145,  117).  '-It  is  worthy 
of  remark  that  the  period  in  right-ascension  (13.626  days) 
given  in  equation  (2)  is  curiously  close  to  that  of  a  term 
depending  on  twice  the  moon's  mean  longitude  ;  but  I  con- 
fess I  can  find  no  cause  for  such  a  perturbation." 

The  ephemeris  of  which  Dr.  Gill  made  use  was  not  com- 
puted under  his  own  direction,  and  it  does  not  appear  that, 
at  the  time,  he  had  access  to  the  original  computations. 
Being  desirous  of  utilizing  his  work  for  the  purpose  of 
determining  the  lunar  equation  in  the  motion  of  the  earth, 
I  have  recently  obtained,  through  his  intervention,  a  copy 
of  some  of  the  numbers  employed  in  the  computation  of  the 
ephemeris.  It  appeared  from  this  that,  through  inadvert- 
ence, the  terms  of  the  nutation  depending  on  twice  the  moon's 
longitude  had  been  included  in  the  case  of  the  sun.  but  not 
in  that  of  Mars.  Computing  the  necessary  approximate 
corrections  to  the  geocentric  longitudes  of  Mars,  the  coinci- 
dence with  the  term  obtained  by  Dr.  Gill  was  very  close  ; 
the  amplitude  of  the  variation  being  appreciably  the  same, 
and  the  epochs  of  maxima  and  minima  never  differing  by 
more  than  two  days.  Thus  a  minute  periodic  inequality, 
which  would  never  have  been  noticed  in  even  the  best  me- 
ridian observations,  was  brought  to  light  and  mapped  in  a 
diagram  so  as  to  be  unmistakable. 

By  this  method  we  may  consider  that  the  geocentric 
places  of  the  planets  are  observed  without  any  fear  of  syste- 
matic error  except  such  as  might  arise  from  the  figure  and 
elongation  of  the  disk.  In  the  case  of  Venus,  it  may  be  ques- 
tioned whether  this  source  of  error  can  be  wholly  avoided 
by  any  method  of  observation  readily  applicable.  It  may 
also  be  found  that  places  of  Mercury  cannot  be  satisfactorily 
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observed  in  this  way,  because  comparison-stars  cannot  be 
seen  in  the  daytime,  and  in  the  evening  the  planet  will 
generally  In-  too  near  the  horizon.  At  best,  therefore,  ob- 
servations can  be  made  only  within  or  near  the  tropics.  It, 
is  therefore  to  the  outer  planets  thai  the  method  will  he 
principally  applicable. 

Of  the  three  processes  necessary  in  determinations,  the 
first,  that  of  meridian  determinations  of  the  positions  of  the 
comparison-stars,  will  not  involve  any  radically  new  pro- 
ceeding. In  the  second  step,  it  may  he  that  photography 
can  advantageously  replace  heliometer  measurements.  This 
will  undoubtedly  he  determined  in  the  course  of  making  the 
international  photographic  chart  of  the  heavens. 

Should  the  photographic  method  be  successful  in  this 
case,  the  question  will  arise  whether  it  may  not  advan- 
tageously be  applied  also  to  determine  the  positions  of 
the  planet  among  the  stars,  so  that  the  use  of  the  helio- 
meter shall  be  done  away  with  entirely.  It  is  quite  likely, 
however,  that  the  superior  brilliancy  of  the  planet  would  so 


fog  the  plate  as  to  blot  out  the  images  of  the  surround- 
ing stars.     This  difficult;  may,  however,  be  evaded  by  the 

use  of  a  photographic  heliometer,  which  I  believe  to  be  the 
instrument  of  the  future  for  such  work. 

Whether    photography    is  or   is  not  applied,   experience 

shows  that  the  positii f  a  planet  among  the  stars  may  be 

observed  through  a  single  opposition  without  a  probable 
error  exceeding  a  few  hundredths  of  a  second.  This  pre- 
cision is  beyond  any  attainable  by  the  existing  tables; 
indeed,  it  is  scarcely  possible  to  construct  tables  which 
shall  be  convenient  in  use,  and  of  accuracy  such  that  the 
errors  shall  not  exceed  those  of  the  observations. 

In  view  of  the  possibility  that  this  method  will  ere  long 
be  adopted,  it  is  advisable  to  determine  in  advance  the 
positions  of  the  necessary  stars  near  the  path  of  each  of  the 
outer  planets  at  future  oppositions.  It  may  be  advantageous 
to  construct  a  zodiac  for  each  planet,  which  shall  include  all 
the  places  it  can  occupy  within  two  months  of  any  oppo- 
sition. 


NOTES  OX  VARIABLE   STARS. 

By  HENRY  M.  PARKHURST. 
Results  of  Observations. 


Xo.  2. 


No. 


604-1 
6132 
6682 


6849 


6905 


6921 

6923 

7085 
u 

7106 


7192 
7234 

7252 

725H 


7261 
7444 
7455 
7458 

7468 


Star 


S  Hen-tilts 
R  OphiucAi 
X  Ophiuchi 


11  Aquilae 
R  Sarjittarii 


S  Sagittarii 
Z  Sagittarii 

RT  Cygni 

S  Vulpeculae 


Z  Cygni 

R  Gapricorni 

WCapricorni 

RS  Cygni 


J i  Delphihi 
TDelphini 
U Caj-irywmi 

V  Delphi  tti 
T  Aquarii 


Phase 


Max. 

Min. 
Max. 
Max. 

Max. 

Max.  A 
Max.B 
Max. 
Max. 
Max. 
Min. 
Max. 
Max. 
Min. 
Max. 
Min. 
Max. 
Max. 
Max. 

Max. 
Min. 

Max. 
Max. 
Max. 
Max. 
Max. 


<  Observed  Date 
Julian  Calendar 


2787 

2662 
2662 

2676 

2724 

2743 

2731 

2776 

2683 

2700: 

2809 

2715: 

2751 

2786 

2825 

2723 

2803 

2667 

2721 
2825 

2740 
2723 
2715 
28 1  2 
2679 


1893  Nov.  19 

July  17 
July  17 

July  31 


Sept. 
Oct. 

Sept:. 
Nov. 
Aug. 
Aug. 
Dec. 

Sept. 

Oct. 

Nov. 

Dec. 

Sept. 

Dec. 

July 


17 

6 

24 

8 

7 

24 

11 

8 

14 

18 

27 

16 

5 

oo 


Sept.  14 
Dec.  27 


Oct. 

Sept. 

Sept. 

Dec. 

Aug. 


3 
16 

8 
14 

3 


E 


44 
44 

7 
8 

40 


43 


155 
156 
156 
157 

9 
36 
37 


36 
32 
65 


Corr. 


d 

+  44 

+  172 
+   2 

+  13 


—  38 

—  19 

—  31 

—  10 


Remarks 


+ 

16 

+ 

11 

+ 

20 

-1- 

18 

— 

4 

— 

8 
3 

13 

— 

26 

— 

21 

0 

I  have  found  no  satisfactory  modification  of  the  elements 
1  could  not  recognize  the  variable  a  month  prec.  the  min. 

Derived  from  my  own  period  of  331  days,  reckoning  from 
the  same  epoch  (M — m)  becomes  125  days 

Corresponds  to  a  reduction  of  the  secondary  term  to 
.33E2,  apparently  indicating  progressive  diminution  of 
that  term.     Observations  continued  for  light-curve 

Great  fluctuations;  no  single  max.  satisfactory 

Rejecting  observations  of  Oct.  1 

May  have  been  later;  low  in  the  west 

The  shortest  plausible  period  appears  to  be  456  days 

Probably  near  the  minimum 

Period  possibly  191.6  days,  M — m  =  110 

Estimated 


Compared  with  Chandler's  revised  elements.  Appears 
suddenly,  being  invisible  to  me  8  days  before  max.  in 
1885,  although  seen  by  Peters 

Repeats  the  sudden  brightness  of  1892 

Possible  period  61.7  days,  M — m  =  27;  but  great  fluctu- 
ations, and  possibly  irregular 

Confirms  periodic  inequality 

Minor  secondary  max.  noted.     Periodic  inequality  ? 

Possibly  a  few  days  earlier.  Period  prob.  very  nearly  a  year 
Mean  of  two  equal  crests  three  weeks  apart,  with  a  slight 
intermediate  descent 
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irved  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

Remarks 

7468 

T  Aqua.rU 

Min. 

2795 

1893  Nov.  27 

58 

d 

+        1 

Estimated.     Invisible  nearly  two  mouths 

7560 

It  Vulpeculae 

Max. 

•_'77o 

Nov.     2 

75 

2 

Changes  rapid  at  max. 

7571 

V  Capricorni 

Mas 

2787 

Nov.   19 

61 

+     7 

7."' 7  7 

X  ( 'apricorni 

Max. 

2802 

Dec.      4 

4  1 

+    10 

7659 

T  Capricorni 

Min. 

2734: 

Sept.   '27 

52 

—     7 

two  distant  observations  only 

7733 

Y  Capricorni 

Max. 

2687 

1893  Aug.   11 

1  1 

+    13 

This  indicates  an  addition   of    1  day  to  the  period  :   but  1 
think  the    period  is  probably  double,  or  414  day- 

Individual  Observations. 


6044   S  Eerculis 

.Julian 

Calendar 

Mag. 

d 

2652 

Juh 

i 

12.6 

2684 

Alio 

.  8 

10.8 

2711 

Sept 

.  4 

9.61. 

2738 

Oct. 

1 

9.04., 

2741 

t 

9.41 

2717 

10 

B.8i 

2751 

14 

8.32. 

2754 

17 

8.50., ' 

2761 

21 

8.19., 

2767 

30 

7.51., 

2769 

N  <  i  v 

.  1 

7.83 

2774 

6 

7.08., 

2778 

Id 

7  19. 

2783 

15 

7.00., 

2784 

16 

7.05 

2786 

18 

6.51, 

2788 

20 

6.95 

2798 

30 

7.22. 

6132  R  Ophiuchi 

1710     Sept.  8      13: 


6682  X  Ophiuchi 

2627  June  12  8.2 

2647  July     2  7.43., 

2654  9  7.60, 

2660  15  6.8 1, 

2666  21  7.36, 

2669  24  6.94, 

2672  27  7.83a 

2678  Auo.   2  7.35, 

2685  9  6.99." 


6849  R  Aquilae 

2664  July  19  6.62, 

2668  '   23  6.47." 

2675  30  6.00, 

2681  Au2.  5  6.36^ 

2687  1 1  6.33", 

2694  18  7.02^ 

2702  26  7.18, 

2713  Sept.  6  7.87, 

2724  17  8.02^ 

2789  Oct.    2  8.32." 

2749  12  9.16", 

2769  Nov.   1  9.44, 


6905  R  Sagit 

7101 

>  S  Vulpeculae 

Julian 

Calendar 

Mag. 

Julian 

Calendar 

Mag. 

d 

1893 

d 

2715 

Sept.  8 

8.0 

2715 

-     ,t.  8 

9.19. 

27  IS 

11 

7.01, 

2719 

12 

H.7I 

272:; 

16 

;  08s 

2727 

2d 

9.31. 

2726 

19 

6.87 

2737 

30 

9.14 

2738 

Oct.    1 

7.98 

274  2 

Oct.    5 

9.23 

2740 

3 

6.99 

2746 

9 

9.91 

2746 

9 

7.18, 

2749 

12 

9.60 

2752 

15 

7.43, 

2  752 

15 

lo.i,,; 

2761 

24 

8.17., 

•J  7  5  5 

18 

9    12 

27(12 

25 

7.74.. 

2762 

25 

9.91, 

2768 

31 

9.25 

2  7  7  7 

Nov.   9 

9.5  7 

692 

1  S  Sagittarii 

2784 

16 

9.11., 

2715 

Sept.  8 

12.4] 

2786 

18 

9.16. 

2740 

Oct.    3 

12.3: 

2804 

Dec.    6 

9.73., 

2746 

9 

12.7: 

2816 

18 

9.4  2., 

2765 

28 

11.0 

2821 

23 

9.90.. 

2767 

30 

10.90, 

2824 

26 

10.02, 

2777 

Nov.  9 

10.16 

2830 

Jan.     1 

9.85, 

7252    II'  Capric.  —  Cont. 

Julian     Calendar      Mag. 
d  1898 

2660  Julyl5      11.87 

2661  '  Id  11.92. 
2664  19  11.41 
2666  21  11. 
2669  24  11.41 
2678  Au«.   2  11.85. 
2682  6  12.50, 

7259  RS  Cygni 


6923  Z  Sagittarii 

2681  Aug.  5  9.7 

2683  7  8.92, 

2685  9  9.56, 

2686  10  9.72, 
2689  13  9.61, 
2694  18  10.062 
2706  30  10.45, 
2715  Sept.  8  10.07, 
2723  16  11.29, 

7085  RT  Cygni 

2694  Aug.  18  to 

2754  Oct.  17  12.0: 

10  obs. 

2768  Oct.  31  10.23 

2778  Nov.  10  8.52, 

2783  15  7.64, 

27S4  16  7.93, 

2786  18  7.78„ 

2788  20  7.55; 

2798  30  7.59 

2804  Dec.  6  7.05, 

2811  13   7.06, 

2817  19  7.38, 

2829  31   7.44, 


7192  Z  Cygni 

2711  Sept.  4  9.432 
2715  8  9.53, 
2719  12  8.70, 
2724      17   8.86, 

2739  Oct.  2   9.65, 

7234  R  Capricorni 

2681  Aug.  5  to 

2748  Oct.  11   12.4] 
4  obs. 

2765  Oct.  28     11.7: 

2766  29     12.1 

2767  30  12.54, 
2777  Nov.  9  11.99, 
2779  11  12.(12, 
2783  15  12.07. 
2798  30  12.361 
2800  Dec.  2  11.8: 
2802  4  12.00, 
2804  6  11.85; 
2806                8     12.15, 

7252  II'  Capricorni 

2652  July    7      11.9 
2654  9     11.90, 

■j'-:,:,  io  11.64, 


2711 

Sept.  4 

8.36, 

2715 

8 

8.31, 

2719 

12 

8.51, 

2  72:; 

16 

7.n7 

2  72  4 

17 

8.58: 

2727 

20 

8.4  7, 

2739 

Oct.     2 

8.82, 

2749 

12 

8.59, 

2769 

Nov.   1 

9.47., 

2778 

Hi 

9.13, 

2784 

16 

9.03, 

2800 

Dec.    2 

9.17, 

2816 

is 

8.27 

2821 

23 

9.3s., 

2827 

29 

10.32, 

2830 

Jan.     1 

9.26.. 

7261  R  Delphi ni 

2666  July  21  12.0 

2700  Aug. 24  11.5 

2724  Sept.  17  9.31,, 

2738  Oct.     1 

2744  7  8.93^ 

2717  10  8.76., 

2751  11  9.34", 

2754  17  8.91, 

2761  24  9.75. 

744  4    TDelphini 

2694  Aug.  18  11.1 

2697  21  10.94, 

2709  Sept.  2  10.14 

2715  8  I'.."..", 

272..  16 

2726  19  9.92, 

2739  Oct.    2 

2744  7  9.99. 

2719  12  9.91. 


7455  U  Capricorni 

Julian  Calendar       Mag. 

d  1833 

2709  Sept.  2  11.12, 

2711  I  11.27, 

2715  8  10.86; 

2719  12  11.21, 

2723  16  11.24, 

2737  30  12.91 


7458  V  Delphih  i 

2692  Aug. 16  to 

2766  Oct.  29  12.0]: 

5  ol^. 

2805  Dec.  5  9.5 

2808  10  10.01, 

2811  13  9.71., 

2817  19 

2818  20  10.28, 
2824  26  10.41, 
2827  29  11.19. 


7468   T  Aquarii 

2668  July  23       8.16 

2672  '  27  8.21, 

2682  Aug.  6       8.39, 

2689  '"  13       8.16, 

2697  21  8.52, 

2742  Oct.     5  12.2 

2746  9  13.03, 

2769  Nov.    1  14.0: 

2805  Dec.    7  13.8] 

2810  12  13.7] 

2822  24  13.7: 


7560  R  Vulpeculae. 

2  172  Jau.    8  8.9 

2481  17       B.O 

2490  2d       7.9 

2744  Oct.     7  10.5 

2747  10  9.76, 

2755  is  9.35 

2762  25  9.17 

2767  30       8.45, 

2769  Nov.    1        8.26, 

2774  6       8.79., 

2778  10  8.88, 
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7571 

V  Capricorni 

7571    V  Capric  —  Cont. 

7  "•  7  7  A"  Capric. 

—  Cont. 

,  659    T  Capricorni 

lulian 

Calendar 

Wag. 

Julian    Calendar     Mag. 

.lulian    Calendar 

Mag. 

.lulian    Calendar     Mag. 

i 

d           .1893 

a 

J            1893 

2742 

Oct.    5 

11.6] 

2788      Nov.20     11.17., 

2767     Nov.30 

12.28. 

2710     Sept.  :'■     12.:( 

2746 

9 

L2.9 

2798             30     10.62., 

2778     Nov.  10 

1  1.79. 

2712     Oct.     .">      12.5] 

2766 

29 

12.6 

1     Dec.    2     10.40 

2798             30 

1 1  .«•,:*.. 

2766              29      12.4 

2767 

80 

12.50 

7  .">  7  7   A"  Capricorni 

0       lire.     2 

1 1 .  79s 

2778 

X.iv.lil 

27  12     Oct.     5      11.9] 

2802                1 

1  1.67., 

7 7.", 3    Y  Capricorni 

2784 

16 

10  68, 

2746               9     13.1: 

2804               6 

1  1.57s 

2681      Aug.  5      12.0 

2786 

18 

lo.:;.-,.. 

2766              29     12.4 

2806               8 

12. KM, 

2683                7      11.50 

77.",-';   )'  Capric. 


.lulian 
2686d 

269  I 
2709 
2719 


Calendar 

A.ag.10 
18 

is 

Sept.  2 

12 


-  ('out. 

Mag. 

11.12 
ll.37s 

12.25., 
1  1.97, 

12.71" 


The  following  table  embraces  groups  of  stars  not  con- 
tained  in  i  be  ( latalogue  referred  to  in  No.  1  (A.J.  page  1 67 ) . 
arranged  nearly  upon  the  same  plan.  The  first  column 
contains  the  lettering,  which  indicates  in  most  cases  the 
brightness  as  estimated  in  the  DM.;  and  the  lettering  of 
the  fainter  stars  also  corresponds  approximately  to  their 
brightness.  An  appended  /denotes  a  fluctuating  star,  the 
observations  of  which  are  discordant,  although  the  star  is 
not  decisively  variable.  In  the  second  column  is  given  the 
DM.  number;  and  the  fainter  stars  are  identified  by  refer- 
ence either  to  the  variable  or  to  some  other  star  in  the  same 
group.  Distances  are  given  in  minutes  of  arc.  In  the 
third  column  is  given  the  photometric  magnitude  as  de- 
termined   bv  my  own    observations   since   1893  Jan.  1.     In 


the  fourth  column  is  given  the  number  of  such  late  ob- 
servations, each  observation  consisting  of  two  extinctions. 
The  appended  letter  P indicates  additional  observations  in 
the  Catalogue  above  referred  to  ;  and  .1/  indicates  additional 
observations  with  the  meridian  photometer.  When  o  occurs 
in  the  fourth  column,  the  magnitude  contained  in  the  third 
column  is  taken  from  the  preceding  catalogues,  or  estima- 
tion. 

In  the  reduction  of  my  observations  less  weight  is  given 
to  the  fluctuating  stars,  and  also  to  stars  which  have  not 
received  six  photometric  observations.  Until  my  own  ob- 
servations equal  six.  the  deficiency  is  supplied  by  taking 
the  necessary  number  of  observations  from  the  preceding 
catalogues. 


Comparison-Stars. 


6923  Z  Sagittarii 

7085   RT 

Cygni 

7106  5  Vulpeculae 

7458    V  Delphi  in 

Star         DM. 

Mag. 

n 

Star 

DM. 

Mag. 

n 

Stat- 

DM. 

Mai;. 

n 

Star 

DM. 

Mag. 

n 

L     —  2r.")34  0 

7.  its 

5 

c 

+  48°2922 

6.6 

0 

ic 

+  27°3532 

8.80 

SM 

Q 

-r-19°4530 

7.53 

\M 

X     —  21°5341 

10.12 

7 

F 

-r-49°3092 

7.63 

1 

U 

+  26°3665 

9.04 

19.1/ 

L 

-f-19°4525 

8.88 

1M 

Y    — 21°5338 

10.27 

10  + 

\G 

+  49°3082 

7.72 

1 

\u 

+  27°3526 

9.85 

1M 

N 

+  19°4553 

9.02 

SM 

d     \$3fV 

11.28 

4  + 

H 

+  48°2'.i:U 

7.82 

11 

w 

+  26°3671 

9.65 

18  M 

Q 

+  19°4554 

9.06 

3M 

e     -lu-lfX 

11.2H 

5  + 

I 

+  48°2941 

8.77 

6 

nr 

+  27°3530 

9.53 

3 

R 

+  18°4611 

8.69 

2 

g     Is  V 

11.78 

3  + 

1/ 

+  48°2943 

8.45 

7 

Y 

+  26°3535 

10.21 

6 

S 

-f-  1 8°4  6 1 9 

9.95 

1 

i     \s-2fV 

12.17 

2  + 

K 

+  4S°2939 

8.26 

16 

Z 

+  26°3532 

10.10 

6 

T 

+  18°4618 

9.76 

3 

k     U\fV 

12.67 

0  + 

\K 

+  48°2933 

8.27 

1 

a 

4  n  ip  1  U 

10.20 

4 

■IT 

+  18°4610 

9.36 

2 

I    \/v 

12.72 

0  + 

W 

-r-48°2938 

9.66 

11 

b 

\s\fa 

10.78 

4 

U 

-f-18°461  1 

10.54 

1 

a 

onlp  V 

9.97 

18 

i 

bfZ 

12.19 

2 

W 

+  1804617 

9.54 

5 

b 

op  M 

10.25 

1 

Y 

-f-19°4513 

10.8 

0 

e 

onf  W 

11.:;  5 

5 

e 

\n2fh 

11.48 

1 

f 

2sbfa 

11.68 

5 

f 

9 
h 

i 

12/  T 

in-lfS 
\n\fg 
IfT 

11.49 

11.73 
12.02 

12.08 

2 
2 
2 
2 

Note.'  —  There  were  13 

unpu 

jllshed  observations 

in  1892, 

of  the 

stars 

marked  +  near  6923,  which  1 

vere  u 

sed  in  the  reduction. 

MAXIMA   AND  MINIMA   OF  VARIABLE   STARS   OBSERVED   IN  1893, 

By  PAUL  S.  YENDELL, 


906.     R  Trianguli. 

The  season's  observations  of  this  star  were  begun  on  1893 
July  6,  at  which  date  it  was  found  at  8M.l  ;  it  rose  rapidly 
to  its  maximum,  which  was  sharply  indicated  on  August  13  ; 
after  the  maximum  it  declined  to  7M.l,  which  it  reached 
September  19;  the  next  observation,  October  5,  showed  a 
sharp  rise  to  6M.8,  indicating  a  well-marked  secondary  max- 
imum, from  which  it  declined  until   the    last  observation. 


December  26.  when  it  was  estimated  at  11M.0,  being  near  a 
minimum. 

5758.     XJSerculis. 

This  star  was  observed  on  thirty-nine  evenings  during  the 
year,  from  March  7  to  October  14  ;  a  minimum  of  6M.8  is 
indicated  on  May  16,  and  a  maximum  of  6M.0  on  August  28  ; 
the  star's  light  at  the  last  observation  was  6M.3. 
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6005.  5  Draconis. 
S Dra'cowis  was  first  observed  1893  June  15,  since  when, 
a  constant watch  lias  been  kept  upon  it:  when  first  seen  it 
was  about  9M.l,  and  the  early  observations  show  some  rapid 
fluctuations,  which  seem  to  indicate,  on  the  whole,  thai  ;i 
minimum  of  9"-3  took  place  about  July  7;  after  the  begin- 
ning of  August  it  rose  pretty  steadily  to  7M.8,  which  il 
reached  about  October  29,  and  continued  without  apparent 
change  until  December  2  ;  the  next  observation,  December 
17,  showed  a  decided  decrease  to  8*.l,  and  this  was  con- 
firmed by  another  observation  made  December  24,  since 
which  the  star  has  been  too  near  the  northwestern  horizon 
to  be  observed  farther  to  advantage.  A  maximum  is  indi- 
cated mi  or  about  November  16.  The  star  is  decidedly  red, 
five  observations  indicating  a  coloration  of  7.0  of  Chand- 
ler's scale:  this  circumstance  may  account  for  its  apparent 
rapid  fluctuations  when  near  the  minimum. 

6834.  !'  Aquilae. 
V  Aquilae  was  observed  on  twenty-five  dales,  from  1893 
May  8  to  Nov.  7  ;  it  appears  to  have  varied  irregularly,  the 
extremes  observed  being  7M.7on  August  8  and  8M.2  on  Sep- 
tember 3  ;  it  was  7M.9  when  observations  on  it  were  begun, 
and  from  October  11  until  the  last  Observation,  did  not  vary 
sensibly  from  7M.8. 

6849.     A'  Aquilae. 
Eight    field-glass  observations,  from  August  8  to  19  ap- 
pear i"  indicate  a  maximum  of  6M.5  on  August  9. 

6905.     R  Stigi'ttarii. 

I  have  ten  observations  of  li  Sagiltarii,  from  1893  Au- 
gust :>  to  October  31  :  these  indicate  a  maximum  of  8M.0  on 
September  27 ;  at  the  last  observation  the  star's  light  was 
9".0±. 

7085.     RTCygni. 

At  the  first  observation,  on  1893  October  31,  this  star  was 
estimated  as  .sM.t  •,  it  rose  quite  rapidly  to  7M.6,  showing  a 
maximum  on  November  3  ;  the  decrease  has  been  more 
gradual  than  its  increase,  the  last  observation.  December  29, 
showing  a  light  of  7M.9. 

7192.  ZCygni. 
I  have  ten  observations  of  this  star,  from  1893  August  •'! 
to  October  21 .  It  was  estimated  at  8M.9  when  first  observed, 
rising  to  a  maximum  of  8H.l  on  September  1 .'!  ;  this  phase 
is  very  distinctly  indicated,  as  the  star  decreased  rapidly, 
and  at  the  hist  observation  had  sunk  to  9*. 3. 

7259.     RSCygni. 

This  star  lias  been  kept  under  pretty  constant  observa- 
tion during  the  season,  on  account  of  the  supposed  irregu- 
larity of  its  variation.  On  April  28,  when  first  observed,  it 
was  found  to  be  7M.6  ;  it  decreased  to  a  secondary  minimum 

Dorchester,  Mass.,  1894  January  6. 


of  8M.0  on  June  10,  afterward  risiug  to  a  maximum  of  7V>. 
which  is  indicated  on  July  27 ;  from  this  il  has  decreased, 
with  two  large  fluctuations,  to  9M.6,  its  estimated  lighl  when 
last  observed,  on  December  29. 

7261.  RDelphini. 
This  star  was  first  seen  when  so  near  its  maximum  that 
the  indication  of  this  phase  given  by  the  plotted  observations 
is  quite  uncertain  ;  it  was  looked  for  unsuccessfully  so  late 
as  September  11,  when  it  must  have  been  <11".5.  It  was 
sen  on  Octobei  •">.  quite  bright,  the  estimated  magnitude 
being  8.7;  the  maximum  as  indicated  by  the  observations 
seems  to  have  taken  place  about  October  13,  the  decrease 
after  October  17  being  pretty  steady,  and  on  November  18 
it  h:is  observed  at  i1 " .8. 

7458.      VDeVphini. 

This  star  (for  the  confirmation  of  whose  variability  see 
this  Journal,  No.  309),  passed  a  maximum  of  9™.l  on  De- 
cember 7  :  the  phase  is  sharply  marked,  both  the  increase 
and  the  decrease  being  regular  and  pretty  quick.  Its  light 
at  the  last  observation,  December  31,  was  9M.8. 

A  comparison  of  this  observed  maximum  with  the  photo- 
graphic magnitudes  published  with  the  original  announce- 
ment (Astr.  Nachr.Vo\.  127,  p. 6)  suggests  that  the  period 
of  variation  may  be  nearly  commensurate  with  a  year. 

7754.      WCygni. 

This  star  has  been  kept  under  observation  through  the 
season  ;  the  first  observation,  May  6,  showed  it  near  a 
minimum,  which  is  rather  uncertainly  indicated  on  May  18, 
with  a  light  of  6M.">  ;  a  maximum  of  5M.3  followed  on  July 
6,  and  a  minimum  of  6M.5  on  September  9;  from  this  time 
it  rose  steadily  to  a  maximum  of  5M.6,  which  was  passed 
December  2:  its  lighl  when  last  observed,  December  .'11, 
was  6*.2. 

7783.     RUCygni. 

Twenty-two  observations  of  this  star  indicate  a  maximum 
of  7M.o  about  August  1  ;  the  observations  show  a  number 
of  minor  fluctuations,  perhaps  attributable  to  the  star's 
strong  and  peculiar  redness;  on  .December  2  it  had  fallen 
to  8M.8. 

7795.     RVCygni. 

I  have  thirty-seven  observations  of  this  star  during  the 
season,  from  May  6  to  December  23  ;  at  the  first  observa- 
tion it  was  about  8M.(),  and  so  remained  till  the  end  of  June, 
after  which  it  decreased  fully  half  a  magnitude  in  the  space 
of  two  weeks;  a  minimum  of  8*. 9  took  place  September  2  ; 
from  this  time  it  rose  quickly  to  a  maximum  of  7"..i,  which 
was  passed  October  lb;  since  the  latter  date  it  has  fallen 
to  9*.0,  its  light  on  December  23,  at  which  time  it  was 
probably  near  a  minimum.  The  star's  variations  appear  to 
be  verv  irregular. 


196 


THE     ASTRONOMICAL     JOURNAL. 


N--311. 


SU N S 1 '( )T   OBS B K'VATION s, 

MADE    AT    PHILADELPHIA,    PENN.,    WITH    A    44-INCH   KMKACTOK, 

By  A.  W.  QUIMBY. 


1893 

.July   1 
2 

3 
1 
5 

6 

7 

8 

9 

Id 

11 

12 

13 

1  I 

1.-, 

16 

17 

18 

19 

20 

21 

22 

2:; 

24 

25 

2(5 

27 

28 

29 

30 

31 

Aug.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


Time  N,'w        l'«tal         Pac 
i.i  -    (Irs.    Spots  Grs 


/ 

8 
9 
7 
2 
8 

10 
7 
8 
9 

10 
9 

10 
8 
8 
8 
5 


•  i 
5 
4 
-1 
5 
9 
8 
7 
7 
8 
7 
7 
7 
8 
6 
7 
6 
5 
6 
7 
8 
8 
6 
7 
4 
5 
5 
6 
9 
7 
6 
4 
5 
4 
6 
7 
11 
13 
12 
11 
10 
10 
8 
9 
9 
8 
8 
9 
11 
9 
11 
9 
10 
10 
8 
10 


33 

24 

34 

34 

33 

47 

L08 

81 

137 

147 

124 

104 

70 

57 

49 

73 

97 

58 

23 

23 

21 

42 

31 

25 

33 

21 

20 

20 

12 

35 

35 

28 

9 

70 

27 

191 

159 

259 

188 

312 

135 

65 

123 

65 

37 

36 

49 

47 

110 

165 

112 

97 

85 

37 

55 

31 

35 

22 


Def. 


poor 
poor 
poor 

poor 
pool- 
poor 
fair 
fair 
faii- 
fair 
faii- 
poor 
poor 
pooi- 
poor 
pool- 
fair 
fail- 
poor 
pool- 
poor 
fail- 
poor 
faii- 
fair 
pooi- 
poor 
poo'' 
faii- 
fair 
pooi- 
poor 
v.poor 
fair 
v.poor 
good 
faii- 
fair 
fair 
3     poor 


]s:i:; 


pooi- 
poor 
faii- 
poor 
pool- 
fair 
faii- 
poor 
fail- 
fair 
faii- 
poor 
pooi- 
poor 
pooi- 
poor 
pooi- 
poor 


Aug.  28 

29 

3d 

31 

Sept.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3D 

Oct.   1 
2 

3 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
24 
25 
26 


Time  v" 
Grs 


Total  pac.      Def 

Grs.    Spots  '"-■ 


10 

8 
7 
8 
8 
8 
8 
7 


8 

2 

8 

- 

8 

- 

8 

- 

8 

1 

8 

1 

8 

1 

8 

- 

12 

- 

1 

1 

1 

- 

8 

1 

8 

1 

■> 

2 

8 

2 

8 

- 

8 

1 

8 

1 

8 

_ 

n 

- 

2 

- 

10 

- 

8 

- 

8 

1 

8 

1 

8 

- 

9 

- 

8 

- 

5 

- 

1 

1 

12 

- 

8 

- 

8 

- 

8 

•i 

12 

- 

9 

1 

9 

- 

8 

1 

9 

- 

3 

- 

9 

- 

9 

2 

9 

I 

10 

1 

10 

1 

10 

- 

:i 

- 

9 

1 

9 

- 

/ 

7 

6 

7 

4 

6 

6 

5 

5 

7 

7 

6 

5 

5 

5 

5 

7 

5 

5 

4 

4 

5 

5 

7 

7 

7 

5 

6 

5 

5 

7 

3 

4 

5 

6 

5 

5 

5 

6 

6 

5 

3 

5 

3 

4 

4 

6 

7 

5 

6 

6 

7 


37 

41 
17 
41 

49 
84 
49 
96 
■si 

121 
61 
60 

102 
54 
58 
42 
23 
16 
20 
42 
42 
35 
28 
32 
46 
49 
86 
67 
11 
30 

4  2 
28 
68 
48 
32 
21 
13 
26 
13 
21 
32 
19 
19 
IS 
13 
35 
36 
30 
62 
50 
31 

5  7 
46 
31 
45 

*35 


pooi- 
poor 

3    v.poor 

:;     poor 
v.  pooi- 
poor 
fail- 
poor 
faii- 
poor 
faii- 
poor 
pool- 
fair 
poor 
poor 

2  pooi- 
poor 
pooi- 
poor 
faii- 
fair 
pooi- 
poor 
pooi- 
poor 
pooi- 
poor 
poor 

-    v.poor 


N""   ,,   T"':"  ,     »««■     Def. 

Gre.  Grs.   Spots  Gre. 


4 

pooi- 

3 

poor 

2 

poor 
faii- 

2 

poor 

2 

pooi- 

2 

poor 

- 

v. pooi- 

2 

poor 

2 

v.  pooi- 

2 
2 

poor 
faii- 

2 

poor 

3 

pooi- 

3 

poor 

2 

pooi- 

o 

poor 

3 

pooi- 

2 
3 

poor 
faii- 

2 

fair 

2 

pooi- 

2 

poor 

2 

pooi- 

2 

poor 

1 

4 

pool- 
fair 

1 

poor 

Oct.  27 

28 
29 

30 

31 

Nov.  1 

2 

3 

(i 

7 

9 

10 

11 

12 

13 

1-1 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

28 

2!  I 

30 

Dec.  1 

2 

4 
6 


10 
11 
12 
13 
14 
15 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
31 


i 
7 
9 
9 
9 
9 
9 
9 

10 

9 

2 

9 

9 

9 

9 

9 

10 

10 

10 

10 

2 

12 

11 

10 

10 

10 

10 

9 

10 

4 

9 

1 

10 

10 

10 

10 

10 

2 

10 

9 

9 

10 

10 

9 

8 

9 

9 

9 

9 

9 

10 

10 

10 

10 

2 

2 

2 


3 
6 
6 
7 
4 
4 
4 
3 
4 
4 
4 
."> 
8 
9 
6 
7 

in 
8 
9 

11 
7 
6 
5 
5 
3 
6 
5 
4 
3 
4 
3 
3 
3 
4 
3 
2 
2 
3 
3 
2 
3 
5 
6 
6 
6 
7 
6 
7 
7 
7 
7 
7 
8 
8 
8 

10 
9 


lo 
46 
4  1 
33 
19 
31 
19 
10 
21 
14 
24 
44 

104 
95 
24 
35 
89 
58 
64 
73 
79 

202 
90 

165 
41 
86 
84 
56 
15 
22 
64 
10 
45 
19 
17 
21 
7 
31 
21 
35 
33 
35 
21 
72 
18 
51 
30 
70 
31 
80 

170 

163 
90 

130 
68 
82 
64 


v.poor 
poor 
poor 

pooi- 
poor 
fair 
poor 
v.poor 
pooi- 
poor 
poor 
poor 
faii- 
poor 
v.  pooi- 
poor 
faii- 
fair 
faii- 
fair 
poor 
faii- 
poor 
faii- 
poor 
pooi- 
poor 
poor 
v.  pooi- 
poor 
poor 
v.  pooi- 
poor 
poor 
2     poor 
pooi- 
poor 
faii- 
poor 
pooi- 
poor 
fa  i  r 
v.poor 


2 

fair 

3 

v.poor 

faii- 

2 
2 

poor 
faii- 

2 

poor 

3 

ooor 

3 

good 

3 

faii- 

2 
2 

poor 
faii- 

2 
2 

poor 
faii- 

4 

poor 
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SUNSPOT   OBSERVATIONS, 

MADE   AT   THE    HAVERFORD   COLLEGE    OBSERVATORY    WITH    THE   8-INCH    EQUATORIAL, 

BY   W.   H.   COLLINS. 


Date 

Time 

Groups 

Spo1  s 

I;"ac. 

Groups 

Dei.  and  Si/..- 

Date 

Time 

Groups 

Spots 

Far. 
Groups 

1  '.  ..  ;u  ii  Si/. 

1893 

Julv  1 

2 

6 

31 

5 

good  ;    1  large 

Oct.    1 

:> 

6 

11 

- 

fair  ;   4  large 

■    2 

1 

3 

30 

2 

poor 

2 

9 

5 

37 

1 

fair  :  3  large 

3 

12 

4 

31 

2 

igood  ;  2  large 

;; 

9 

7 

30 

1 

fail  ;    1  large 

4 

9 

3 

18 

1 

poor  ;  2  large 

7 

9 

6 

20 

1 

fair 

.") 

10 

3 

53 

3 

good :  -1  large 

8 

9 

7 

23 

- 

poor 

6 

10 

3 

12 

1 

fair  ;  '■'•  large 

9 

in 

4 

28 

1 

good 

7 

9 

5 

47 

2 

pour  ;   4  large 

10 

1  1 

6 

26 

- 

pool- 

8 

11 

8 

100 

1 

good  ;  o  large 

11 

9 

3 

11 

- 

poor 

H 

3 

8 

135 

2 

good  ;  3  large 

12 

11) 

4 

22 

1 

poor 

10 

12 

7 

105 

_ 

poor  ;    1  2  large 

14 

3 

7 

38 

- 

good  ;   1  large 

11 

8 

8 

127 

1 

fail-  ;   4  large 

15 

3 

6 

56 

1 

good  ;   1  large 

12 

4 

7 

159 

_ 

line  ;  9  large 

17 

10 

5 

4  2 

- 

fair  ;    1  large 

13 

10 

7 

97 

2 

lair  ;   6  large 

IS 

10 

6 

39 

1 

fair;   2  large 

15 

9 

7 

91 

2 

fair  ;  '■'•  large 

111 

111 

7 

85 

1 

good  ;  4  large 

16 

4 

5 

87 

1 

gui'd  ;   2  large 

20 

10 

9 

84 

2 

good  ;   1  large 

17 

10 

5 

110 

_ 

lair  ;   3  large 

2  1 

:i 

11 

106 

1 

good  :   5  large 

18 

9 

4 

18 

1 

fair  ;  3  large 

25 

9 

9 

76 

2 

fair  ;  2  large 

19 

•20 

9 

10 

5 
6 

55 
31 

2 
1 

good  :  •">  large 
bad  ;   4  large 

26 
28 

II) 

10 

7 
6 

52 
73 

— 

fair  ;  4  huge 
fair  ;  3  large 

21 

11 

7 

27 

2 

bad 

30 

10 

8 

48 

2 

poor 

22 

9 

6 

54 

3 

fair  ;    1  large 

31 

10 

4 

17 

1 

poor 

23 

9 

6 

17 

_ 

bad  :  2  large 

2-1 

2 

7 

26 

2 

poor ;   1  large 

Nov.    1 

9 

4 

25 

1 

fail- 

25 

9 

5 

25 

2 

poor ;    1  large 

2 

12 

5 

21 

3 

fair 

28 

10 

4 

7 

_ 

poor  ;    1  large 

6 

10 

4 

9 

— 

poor 

30 

9 

8 

31 

2 

poor 

7 

10 

4 

15 

- 

bad 

31 

11 

6 

19 

2 

good 

10 

1) 

7 

63 

1 

poor ;    1  large 

11 

10 

8 

88 

- 

poor 

Sept.  2 
3 

11 
9 

7 
6 

80 
58 

3 
1 

good  ;   3  large 
poor ;  4  large 

14 
15 

11) 

10 

7 
12 

12.-, 
88 

2 
2 

poor 

fair  ;  2  large 

1 

10 

6 

96 

3 

good  ;  4  large 

16 

10 

10 

84 

1 

fair  ;   1  large 

5 

9 

5 

100 

1 

fair  ;  3  hirge 

18 

9 

9 

58 

2 

bad  ;   2  large 

6 

1  1 

7 

86 

1 

fail-  ;    1  large 

20 

10 

6 

117 

2 

fail- 

J 

9 

8 

100 

3 

fair  ;  2  large 

22 

2 

5 

98 

— 

fair 

8 
9 

10 
2 

7 
2 

60 
50 

2 

poor :   1  large 
bad  :    1   large 

24 

25 

12 
10 

5 
6 

71 
61 

1 
1 

fail- 
fair 

10 

2 

2 

32 

bad  :  2  large 

26 

1 

3 

48 

— 

poor 

11 

2 

4 

50 

_ 

bad  :  2  large 

28 

2 

3 

44 

2 

faii- 

12 
15 
16 

12 
2 

1 1 

0 

5 
5 

57 
31 
34 

1 
1 

good  ;   1  large 
fair  ;  2  large 
good  ;   1  large 

Dec.   2 

4 

10 

1 

2 
3 

79 
46 

1 

good 
bad 

17 
18 

9 

10 

5 

6 

-29 

46 

."> 

poor 

good 

6 

8 

11 

12 

2 

1 

37 

20 

1 

fair  :   2  large 
bad  :    1  large 

19 
20 

9 

9 

3 

6 

19 
34 

1 

poor 

good 

poor 
poor 
fair 

11 
18 

10 
10 

3 
9 

37 

70 

2 
2 

poor 

fair  ;    2  large 

21 

9 

7 

28 

2 

20 

12 

9 

61 

1 

good  ;  •'!  large 

22 

2  1 

8 
9 

5 

7 

31 
52 

1 
1 

21 
23 

12 
3 

'.) 

s 

67 
131 

1 
1 

fair :  3  large 
good  :  3  large 

28 

9 

4 

18 

2 

bad  :   1  large 

27 

12 

7 

153 

3 

fail  •  2  large 

29 

10 

5 

52 

1 

good 

30 

9 

6 

50 

- 

poor 

The  observer  was  absent  during  Angnst. 
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RECENT    LATITUDE   DETERMINATION    AT  THE   SAYRE   OBSERVATORY, 

Bl    C.   I..   DOOLITTLE. 

The  summary  of  latitude-values  which  follows  is  the  re- 
sult of  a  preliminary  reduction  of  recent  obs(  rvations  made 
at  this  place.  It  is  thoughl  advisable  to  publish  these 
results  now,  as  the  more  complete  reduction  which  is  in 
progress  will  not  be  completed  for  some  weeks.  This  farther 
reduction  will  consist  mainly  in  checking  the  computations 
(already  done  in  part),  and  in  a  readjustment  of  the  decli- 
nations. No  material  change  is  likelj  to  follow,  at  least  the 
character  of  the  results  is  not  likely  to  be  affected  by  it. 

The  star-list  employed  is  in  the  main  the  same  as  that 
used  in  the  work  of  1889-90.  Of  course  the  adjusted  values 
of  the  declinations  have  been  used,  so  that  these  results  are 
practically  homogeneous  with  the  former.  However,  not 
all  of  the  stars  included  in  that  list  have  been  used,  a  num- 
ber of  badly  situated  pairs  having  been  dropped.  The  va- 
cant places  have  been  filled  with  new  pairs,  but  the  latter 
are  uot  included  in  this  preliminary  work. 


]  leti  rminatious 

L893  April 

If,-  April 

28 

2.931 

70 

May 

6-Maj 

12 

2.925 

:M 

May 

lil  -.llllie 

8 

3.070 

.so 

June 

!i  -Juue 

20 

3.006 

89 

June 

28   -June 

30 

3.057 

■  >~ 

Julv 

2 -July 

20 

3.093 

156 

July 

23 -Aug. 

10 

3.123 

160 

Sept. 

2  -Sept. 

2] 

3.201 

151 

Sept. 

23 -Oct. 

9 

3.200 

KIN 

Oct. 

14 -Oct. 

30 

3.230 

L03 

Oct. 

31  -  Nov. 

16 

3.300 

1-19 

Nov. 

26 -Dec. 

13 

3.300 

1 18 

Dec. 

20 -Dec. 

27 

3.172 

73 

is  =  40°  36' 

20"  + 

Determinations 

1892  Oct. 

10 -Oct.    24 

3.285 

118 

Oct. 

30- Nov.   17 

3.214 

97 

Nov. 

20- Dec.      5 

3.112 

80 

Dec. 

10 -Dec.    26 

3.071 

97 

Dec. 

27 -Jan.     13 

3.012 

57 

1893  Jau. 

16- Jau.    26 

2.983 

89 

Feb. 

3 -Feb.    16 

3.038 

85 

Feb. 

20 -Mar.     7 

2.894 

103 

Mar. 

13 -Mar.   21 

3.068 

48 

Mar. 

27 -April     4 

2.888 

103 

etMekem,  Pa.,  1894  Feb.  5. 

Mean  3.097     Total  2315 

The  mean  value.-,   given  by  former  determinations  are  re- 
produced for  purposes  of  comparison. 


1877.17         40  36  23.905 
1886.12  23.515 

1890.47  23.335     New  star  list 

23.287     Old  list* 
1892  and  93  23.094 

The  last  is  simply  the  mean  of  the  individual  values  given 
above,  and  will  differ  slightly  from  the  true  mean  value. 

It  is  worthy  of  note  that  the  progressive  diminution  ap- 
pears to  be  still  in  progress.  Whatever  the  explanation 
may  be,  I  see  no  escape  from  the  conclusion  that  the  mean 
value  of  the  latitude  is  now  less  than  it  was  in  1877. 

*   See  A.J.  XII.  73,  76. 


NEW   ASTEROIDS. 

Prof.  Kreutz  communicates    the  discovery  of  two    more  asteroids,  photographed  by  Mr.  Ckarlois    on  January  8, 
and  one  on  January  10. 


AQ     13*     Jan.  8, 
AR     13"  8, 

AS      12.',5'  10. 


9h  54m.0  Nice  M.T. 

9h  54m.0Nice  M.T. 

ilh  14m.O  Nice  M.T. 


a  =  7"  21'"  48f, 
a  =  7h  36"'  1  2s. 
«  =  8h  33™  16s, 


d=  +20° 
8=  +-J4° 

r-c 

I 


1'.      Daily  motion.  — 48s  in  a,  and  2' 
10'.     Daily  motion,  — 60'  in  «,  and  1' 
Daily  motion.  — 44'  in  «.  and  6' 


northward, 
northward. 
northward. 


Numbers  have  been  assigned  by  the  Recheninstitut  to  those  discovered  since  1893  Aug.  19,  as  follows  : 


AI 

AR- 
AL 


1893  Sept.  15 
Sept.  18 
Sept.  18 


Chaki.ois. 


(373) 
(374) 
(375) 


AM 

AN 
AP 


1893  Sept.  18 

'Sept.  20 

Dec.      6 


Charlois, 


(376) 
(377) 
(378) 


CORRIGENDA. 


No.  308,  p.  167,  the  correction  for  2266  should  be  —21,  instead  of  —8 
No.  310,  p.  187,  Table.     The  number  for   V  Orionis  should  lie  1805. 


the  correction  for  2691  should  be  +12,  instead  of — 12. 


COX  T  E  NTS. 
Considerations  on  the  Best  Method  of  Determining  Positions  of  the  Planets  by  Observation,  by  Prof.  Simon  Newcomb. 
Notes  on  Variable  Stars,  No.  2,  by  Mr.  Henry  M.  Pakkhurst. 

Maxima  and  Minima  of  Variable  Stars  Observed  in  1893,  BT  Mr.  Paul  S.  Yendell. 
Sunspot  Observations,  by*  Rev.  A.  W.  Quimby. 
Sunspot  Observations,  by  Prof.  W.  H.  Coi.i  i\> 

Recent  Latitude  Determination  at  the  Sayre  Observatory,  by  Prof.  C.  L.   Dooi.ittle. 
New  Asteroids. 
Corrigenda. 
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DOUBLE-STAR   MEASURES, 

By  WM.  H.  COLLINS. 


The  following  double-star  measures  were  made  during 
the  first  half  of  the  year  1893,  by  Mr  George  L.  Jones,  with 
a  few  exceptions.  The  ten-inch  Clark  Equatorial  of  the  Hav- 
erford  College  Observatory  was  used,  with  a  magnifying 
power  of  375.     Approximate  places  are  for  1880.0. 


1893.060 


1893.060 


1893.200 


1893  143 
3.167 


1893.050 
3.099 


1893.110 
3.170 


1893.110 


1893.200 


1893.060 
3.110 


R.A.  = 

Po 

52.°5 


(3  398. 
lh  5m.         Decl. 
»  wt. 

l".73  2 


=  +47° 
Mag. 

9.2 


10'. 
Mag. 

9.2 


2535. 

R.A.   =  4h  17"".         Decl.  =  +11°  6'. 

330.3         1.92         2  7.2         8.2 

2-572. 

K.A.   =  4h  31"'.         Decl.  =  +26c   42'. 

21.0         3.38         2  7.0         7.2 

So.  503. 

R.A.   =  5h  49'".         Decl.  =  +13°  56'. 

346.8         5.47         2  7.0         8.0 

347.0         5.37         3  7.4         8.4 


1893.155       346.9 


5.42 


7.2 


8.2 


2  932. 
R.A.  =  Gh  28">.         Decl.  =  +14°  50'. 

330.5  2.06         3         8.0         8.0 

330.6  2.11  3         8.2         8.2 


1893.074       330.6 


2.08 


8.1 


8.1 


2  941. 

R.A.  =  61'  30"'.         Decl.  =  +41°  41'. 

82.5         1.98         3  7.0         7.7 

82.1          1.84         2  7.0         7.8 


82.3 


1.91 


6  326. 
R.A.   =  6h  49"'.         Decl. 
60.5  1.08  2 


7.0  7.8 

=  +2°  28'. 
8.0         9.2 


21037. 

R.A.  =  7"  5'".         Decl.  =  +27°  26'. 

307.5          1.25         3  7.4         7.6 

307.5          1.13         2  7.6         8.0 


1893.085       307.5 


1.19 


t.i 


h  Obs'r 
3.6       J 


4.2 


6.8 


6.6 
6.4 


7.3 
6.3 


8.3 
9.3 


7.1 


4.5 
9.1 


1893. -.'00 


1893.110 
3.143 
3.200 


1893.170 


1893.110 
3.143 


1893.110 
3.167 


1893.138 


1893.050 
3.100 


1893.200 
3.238 


1893.181 
3.184 


1893.182 


R.A. 
39. °5 


R.A.  = 

112.7 
113.7 
112.4 


21049. 
7h  8"'.         Decl. 


3.93 


wt. 

1 


02  170. 
7h  11"'.        Decl. 
1.26         3 
1.28         3 
1.37         2 


=  —8°  44'. 

Mag.  Mag. 

8.0  9.3 

=  4-9°  31'. 

7.5  7.7 

7.5  7.7 

8.0  8.2 


1893.151        112.9 


R.A.  = 

227.3 


1.30 

7"  27'". 
5.61 


7.9 


1110. 

Decl. 
2 


R.A.   = 

143.8 
144.7 


21126. 
7h  34'".         Decl. 

1.20  2 

1.21  2 


=  +32°  9'. 


=  +5°  30'. 
F.3  7.6 


1893.126       144.2 


R.A.  : 

33.2 

32.9 


1.20 

02182. 
7h  46"'.         Decl. 
0.84  2 

0.94  2 


7.2 


7.6 


=  +3°  42'. 
8.0         8.2 
7.8         8.1 


33.0 


R.A.  = 

245.9 
246.1 


0.89 

21157. 
7h  48"'.         Decl. 
1.00  3 

1.16         2 


7.9 


.1 


=  —2°  29'. 
8.0  8.0 
8.0         8.0 


1893.075       246.0 


R.A.  = 

350.2 

350.8 


1.08 

21177. 
7h  58m.         Decl. 
3.73  3 

3.51  2 


i.O 


8.0 


=  +27°  52'. 
7.0  7.4 

7.0         7.6 


1893.219       350.5 


R.A.  = 

47.2 

47.5 


3.62 

21187. 
8h  2"'.        Decl. 
1.87  2 

1.94  3 


7.0 


7.5 


=  +32°  34'. 
7.2  8.2 

7.0         7.8 


47.4 


1.90 


7.1 


8.0 


h    Obs'r 
7.4       J 


7.8  J 

6.9  .1 
7.8       .1 


5.7       J 


7.3       J 
7.2       J 


8.0       J 
7.5       J 


7.8       J 
7.8       J 


6.5       .1 
9.7       J 


9.7       J 
10.0       J 
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1893.200 


1893.181 
3.184 


1893.182 


1893.200 
3.208 


1893.200 
3.241 


1893.200 
3.208 


2  1196. 

P 

210. 

K.A.  = 

=  8h  5ra.        Decl 

A    AND    B. 

.  =  +18< 

1'. 

K.A.  = 

P 

8>'  51"'. 
s 

Decl. 
wt. 

=  — 1G°  58'. 
Mag.       Mag. 

ft   Obs'r 

1893.143 

26°9 
26.0 

S                  Wt. 

1.07          3 
1.14         2 

Mag. 

5.0 
5.0 

Mai;. 

6.0 
5.8 

ft  Obs'r 

8.1       J 
7.3       J 

1893.200 
3.208 

183.4 

1X2.7 

2.69 
2.63 

2 
2 

6.5          6.5 
7.2         7.2 

9.2  J 
8.9       J 

3.167 

1893.204 

183.0 

2.66 

6.8         6.x 

1893.155 

26.4 

1.10 

5.0 

5.9 

1893.143 
3.167 

115.8 
115.6 

i(A+B)  : 
5.39         2 
5.25         2 

C. 
5.0 

5.0 

6.4 
6.0 

8.2 
7.2 

J 
J 

1893.170 
3.181 

R.A.  = 

197.9 

198.0 

2; 

8h  55m. 
4.85 
4.71 

1300. 
Decl. 

2 

1 

=  +15°  45'. 

8.8         9.0 
9.0         9.0 

8.2  J 
8.8       .1 

1893.155   115.7 


5.32 


5.0 


0«9O5. 

R.A.   =  8"  11'".         Decl.  =  — 1£ 
12.1  3.76  1  8.0 


6.2 


57'. 
10.0 


.£1244. 

R.A.  =  8h  30m.         Decl.  =  +42°  13'. 

0.4         3.74         2  8.0         9.0 

0.9         3.74         2  8.2         9.6 


8.5       J 


10.4       J 
10.6       J 


0.6 


3.74 


8.1 


9.3 


(3  207. 

R.A.  =  8h  34m.         Decl.  =  —19°  19'. 

102.0         4.27         2  7.0       10.5 

101.3         4.42         2  7.5       10.5 


.6       J 
.6       J 


1893.204 

101.6 

4.34 

7.2 

10.5 

1893.242 

271.0 

9.93 

8.9 

9.2 

1893.184 
3.238 

R.A.  = 

19.9 

19.6 

^•1263. 
8h  37"'.        Decl. 
50.31          3 
50.35         2 

=  +42 

7.8 

8.2 

3  8'. 
8.2 
8.5 

10.6 
10.4 

J 
J 

1893.241 
3.244 

R.A.  = 

274.0 

274.4 

gh  17m. 

7.19 

7.28 

338. 
Decl. 
2 
2 

=  —14 
9.0 

9.0 

3  59. 
10.2 
10.8 

7.4 
9.6 

J 
J 

1893.211 

19.8 

50.33 
2" 

1273. 

8.0 

8.4 

1893.242 

274.2 

7.24 

V 

1348. 

9.0 

10.5 

R.A.  = 

8h  40m. 

Decl. 

=  +6° 

52'. 

R.A.  = 

9"  18'". 

Decl. 

=  +6° 

52'. 

1893.050 
3.110 
3.184 

228.7 
229.2 
229.3 
229.1 

3.51 
3.46 
3.36 
3.44 

3 
2 
2 

3.8 
4.2 
4.0 
4.0 

7.8 
8.0 
8.0 
7.9 

8.4 
8.0 
8.8 

J 
J 
J 

1893.181 
3.184 
3.244 

325.7 
325.8 
324.2 

1.81 

1.86 
1.52 

2 
3 
3 

7.5 
7.5 
7.3 

7.7 
7.7 
7.4 

9.2 

9.0 

10.3 

J 
J 
J 

1893.115 

1893.203 

325.2 

1.73 

7.4 

7.6 

1893.181 
3.184 

R.A.  = 
326.5 
327.1 

8h  47"'. 
1.59 
1.64 

1291. 
Decl. 
2 
3 

=  +31 

6.3' 

6.0 

3  2'. 
6.3 
6.2 

10.2 
10.3 

J 
J 

1893.241 
3.244 

R.A.  = 
333.7 
335.0 

2 
9h  21ra. 
2.55 
2.47 

1355. 
Decl. 

2 
2 

=  +6< 

7.0 

7.0 

46'. 
7.1 
7.0 

9.2 
10.4 

J 
J 

1893.182       326.8 


1.62 


6.2 


^24. 

R.A.   =  8>>  48m.         Decl.  =  —8° 

178.0         1.07         1  8.0 

176.8         1.04         2  8.0 


6.2 

18'. 
8.8 
8.6 


8.8 
8.7 


1893.220       177.4 


1.06 


8.0 


8.7 


-T1295. 

R.A.   =  8h  50'".         Decl.   =  —7°  31'. 

359.1         4.28         3         7.0         7.2 

359.1  4.32         2         7.0         7.0 


8.9 
8.8 


1893.204       359.1 


4.30 


r.O 


7.1 


1893.176        19X.0 


4.78 


8.9 


9.0 


1893.184 


1893.184 


1893.184 


1893.241 
3.244 


R.A. 
143.3 

167.6 

51.1 


2'1316. 
9h  2">.         Decl.  =  —6°  39 
A  and  B. 
6.40  1 


A.    AND    C. 

7.40  2 

B    AND    C. 

3.60         1 


8.0 
8.0 


10.6 
10.2 


^1343. 

R.A.  =  9h  14">.         Decl.  =  +5°  31'. 

270.6         9.93  1  9.0         9.2 

271.4         9.93         3         8.8         9.2 


1893.242       334.4 


2.51 


7.0 


7.0 


1893.200 
3.244 


p'910. 
R.A.  =  9h  27'".         Decl. 
305.2         6.51  2 

304.9         6.15         2 


=  —13°  28'. 
7.5  10.5 
7.2       10.2 


1893.222       305.0 


6.33 


7.4       10.4 


1893.148 
3.170 


.£1389. 

R.A.   =  9>>  46"".         Decl.  =  +27°  33'. 

312.0         2.02          1  8.2         8.8 

312.9          1.98         2  8.2         8.8 


9.3       J 

9.3       J 
9.5       J 


8.9       J 
10.0       J 


9.2       J 
9.8       J 


7.5       J 
8.4       J 


1893.159       312.4 


2.00 


8.2 


8.8 
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.2-1417. 

(S 

220. 

K.A.  = 

10h  9m. 

Decl. 

=  +19° 

43'. 

R.A.  = 

llh  7™. 

Decl. 

=  — 173 

51'. 

P 

g 

wt. 

Mag. 

Mag. 

h   Obs'r 

P 

8 

wt. 

Mag. 

Mag. 

h    Obs'r 

1893.200 
3.238 

262.7 
262.1 

262.4 

2.43 
2.29 

2.36 

2 

2 

8.3 
8.3 

8.3 

8.5 
8.5 

8.5 

8.1 

!l.4 

J 
J 

1893.364 
3.397 

141.1 
139.5 

0.62 
0.71 

1 

1 

6.2 
6.2 

6.6 

i;.6 

12.0 
12.0 

J 
J 

1893.219 

1893.380 

140.3 

0.66 

6.2 

6.6 

0- 

r  2 1 5 . 

.21523. 

1893.244 
3.364 

1893.304 

R.A.   =  10h  10"'. 
215.4         0.78 
212.9         0.78 

214.2         0.78 

Decl.  = 
2 
2 

=  +18° 
7.0 
7.0 

7.0 

20'. 

7.0 
7.3 

7.2 

11.8 
11.5 

J 
J 

1893.044 
3.050 
3.143 

R.A.  = 

194.3 
193.4 
192.6 

111.   12". 
2.03 
1.98 
2.05 

Decl. 
2 
2 
2 

=  +32c 
5.2 
5.4 
4.8 

12'. 
5.8 
6.0 
5.4 

13.5 
9.0 
9.0 

J 
J 
J 

1893.079 

193.4 

2.02 

5.1 

5.7 

21426. 

1893.362 

189.7 

1.98 

3 

5.0 

5.0 

12.5 

C 

R.A.  = 

=  10h  14". 

Decl 

■   =  +7 

°  2'. 

3.438 

187.5 

1.95 

2 

. 

.    . 

15.1 

c 

A    AND    B. 

3.482 

186.4 

1.93 

2 

.    . 

16.2 

c 

1893.241 
3.244 

278.6 
278.8 

0.85 
0.86 

1 
2 

8.0 
8.0 

8.3 
8.2 

10.3 

1(1.6 

J 
J 

1893.427 

187.9 

1.95 

2+527. 

5.0 

5.0 

1893.242 

278.7 

0.86 

8.0 

8.2 

1893.241 
3.244 

8.4 
7.7 

4(A+B):  C. 
7.59         1 
7.61         3 

8.0 
8.0 

10.2 
10.0 

10.4 
10.7 

J 
J 

1893.162 
3.184 
3.24  1 

R.A.  = 
15.1 
14.9 
14.6 

11'"   13". 

3.83 
3.64 
3.33 

Decl. 
2 
2 
2 

=  +t4< 
7.0 
7.0 
6.6 

56'. 

8.0 

7.8 
7.4 

11.4 
11.3 

10.7 

J 
J 
J 

1893.242 

8.0 

7.60 

8.0 

10.1 

1893.196 

14.9 

3.60 

6.9 

7.7 

1893.397 
3.400 

R.A.  = 
115.5 
115.5 

2"  1424. 
10h  13m.        Decl. 
3.31          2 
3.29          1 

=   +20 

2.3 

0  27'. 
3.8 

9.9 
8.0 

J 
J 

1893.241 

3.244 

R  A.  = 
56.7 
56.6 

21536. 
Ill"  18m.         Decl. 
2.58         2 
2.56         3 

=  +11< 

4.8 
5.0 

1  11'. 
7.8 
7.8 

10.8 
12.0 

.1 
J 

1893.398 

115.5 
116.0 

3.30 
3  ."31 

3 

2.3 
2.0 

3.8 

4.0 

12.0 

c 

3.348 

56  5 

2.67 

1 

5.0 

7.s 

12.1 

J 

1893.361 

1893.278 

56.6 

2.60 

4.9 

7.8 

3.438 

115.2 

3.73 

2 

.    . 

.    . 

14.8 

c 

3.482 

115.4 

3.62 

2 

.    . 

.    . 

15.2 

c 

1893.170 

R.A.   = 
87.0 

O. 

llh  26". 

0.95 

2235. 

Decl. 

2 

=  +61° 
6.0 

45'. 

7.2 

9.2 

1893.427 

115.5 

3.55 

J 

R.A.  = 
160.2 

101'  29". 
2.38 

1450. 
Decl 
2 

=  +9 

6.0 

1   16'. 

8.5 

9.8 

J 

3.241 

87.7 

1.25 

1 

5.8 

7.2 

8.5 

J 

1893. 143 

1893.206 

87.4 

1.10 

5.9 

7.2 

8.159 

160.4 

2.46 

1 

5.8 

8.8 

10.8 

J 

2 

1552. 

3.241 

159.6 

2.18 

2 

6.0 

8.5 

10.2 

J 

R.A.   = 

llh  28m. 
A 

Decl. 

(ND    B. 

=  +17 

3  28'. 

1893.181 

160.1 

2.34 

5.9 

8.6 

1893.159 

210.0 

3.67 

2 

6.5 

7.5 

11.8 

J 

2' 1457. 

3.170 

210.0 

3.22 

3 

6.8 

7.  6 

10.3 

J 

R.A.  = 

10h  82". 

Decl. 

=  +6° 

21'. 

3.238 

210.0 

3.19 

3 

6.8 

7.8 

10.0 

J 

1893.110 
3.143 

319.8 
321.6 

1.32 
1.18 

1 
2 

7.2 
7.3 

8.2 

7.8 

9.3 
10.3 

J 
J 

1893.189 
1893.170 

210.0 
234.6 

3.36 

A 

63.40 

IN'D    C. 
1 

6.7 

6.8 

7.7 
9.2 

10.5 

1893.126 

320.7 

1.22 

7.2 

8.0 

J 

■T 

1487. 

K.A.    = 

10"  49". 

Decl. 

=  +25 

°  23'. 

y 

1596. 

1893.143 

107.3 

6.52 

3 

5.0 

7.0 

9.7 

J 

R.A.  = 

:  11"  58". 

Decl 

=  +22°  8' 

3.170 

105.8 

6.46 

3 

5.0 

7.0 

9.7 

J 

1893.159 

238.2 

4.00 

1 

6.2 

7.2 

12.4 

J 

3.241 

105.6 
106.2 

6.50 
6\49 

2 

5.0 
5.0 

7.2 
7.1 

10.0 

J 

3.238 

239.2 

3.86 

3 

7.0 

8.0 

10.2 

J 

1893.185 

1893.198 

238  7 

3.93 

6.6 

7.6 

_v 

1516. 

y 

1647. 

R.A.  = 

=  \lh  7"'. 

Decl. 

=  +n 

o  p 

R.A.   = 

12h  24m. 

Decl. 

=  +10 

3  23'. 

1893.414 

96.8 

16.43 

1 

7.0 

7.0 

13.3 

J 

1893.044 

219.2 

1.21 

2 

7.5 

8.0 

13.0 

J 

3.416 

96.9 

16.43 

2 

7.0 

7.2 

12.9 

■I 

3.353 

218.8 

1.21 

1 

7.2 

7.6 

12.7 

J 

1893.415 

96.8 

16.43 

7.0 

7.1 

1893.198 

219.0 

1.21 

7.4 

7.8 
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1893.159 
3.184 


2  1658. 

R.A.   =  12>>  29"'.  Decl.   =  -f-8°  7'. 

A    AND    B. 

P  s  » t.      Mag.        Mag 

354.9         2.16  1  7.8         9.8 

354.8         2.34         3         8.0         9.6 


h   Obs'r 
12.2       J 


11.8 


1893.172       354.8         2.25 


A    AND    C. 

1893.184       259.3     106.82         3 


7.9 


8.0 


9.7 


8.6 


^  1670. 

R.A.   =  12"  36"'.         Decl. 
1893.362       152.0         5.84         3 
3.482       151.4         5.63         2 


=  -0°  47' 


1893.422       151.7 


5.74 


O.S.  73. 

R.A.   =  12h  52'".         Decl.   =  12°  29'. 

1893.364         65.5         2.18         1         8.0     "   8  2 
3.384         66.0         1.78         1  8.5         8.7 


1893.374 


65.8 


1.98 


8.2 


8.4 


(3  928. 

R.A.  =  12h  57"'.         Decl.  =  —5°  57'. 
1893.364       313.5         2.08         1         8.0         9  0 
3.384       314.1  1.94         1         8.3         9.5 

1893.374       313.8         2.01  8.2     _ <l1T 


O.T261. 

R.A.   =  13"  6'".         Decl.  =  +32°  43' 
1893.244       342.8         1.20         3         6.5         6.8 
3-348       343.4          1.14          1  7.0         7.3 


1893.296       343.1 


.1' 


6.8 


7.0 


,5  342. 

R.A.   =  13">  9"=.         Decl.  =  —18°  17'. 

1893.364         33.1         4.84         2  8  0         8  4 

3.384         32.8         4.84  1  8.2         8.4 

1893.374         33.0         4.84  8.1         8~T 


-5"  1734. 
R.A.   =  13h  15'".         Decl.   =  +3° 
1893.342       189.9  1.19         1  73 

3.353       188.9         1.17         1  7.0 


34'. 
7.7 
7.2 


1893.348       189.4 


1.18 


7.2 


7.4 


2T742. 
R.A.  =  13"  18'".         Decl.   =  -4-2° 
1893.348       350.2         1.09  1  7.3 

3.353       351.1         1.16         l         7.3 


11.8 


12.8 
15.8 


13.1 
12.9 


13.3 
13.1 


10.9 
11.5 


13.6 
13.3 


13.7 
12.9 


1 .0 

7.8 


13.0 
13.1 


1893.350       350.6  1.12 


7.3 


7.6 


2  1757. 


1893.362 

1893.159 

3.307 

1893.233 


R.A.  =  13h  28">. 

74.7  2.38 

73.8  2.81 
74.4         2.73 


Decl.  =  +0°  18'. 
2  8.5  9.5 

1         8.0         9.0 
1  8.0         8.6 


74.1 


8.0 


8.8 


J 


C 

c 


J 
J 


13.2  C 
13.1  J 
14.1       J 


1893.364 
3.375 


1893.37c 


1893. 3!i; 


1893.384 


1893.159 
3.348 
3.353 
3.359 


R.A.  = 

■4114. 

=  13>>  28'".         Decl.  =  — 8< 

0'. 

P 

s 

wt.        Mag. 

Mag. 

h  Obs'r 

140.9 

140.5 

1.43 
1.39 

1          8.0 
1          8.2 

8.2 
8.4 

L3.9       J 
14.5       J 

140.7 

1.41 

8.1 

76S. 

8.3 

R.A.  = 
133.4 

18"  32'". 
0.83 

Decl.  =  +36° 
2         5 . 5 

54'. 
8.2 

15.3       J 

21777. 
R.A.   =  13''  37m.         Uec].  _  _|_4o  91 

232.4         3.43         2         6.0        8.2 


R.A.   = 

249.3 

250.8 

250.9 

250.8 


13"  44"'. 
1.85 

1.47 
1.46 
1.36 


785. 
Decl. 
■> 

1 
1 
•> 


=  +27°  35'. 
7.5  8.0 
7.2  7.8 
7.2  7.6 
7.2         7.5 


1S93.306       250.4 


1893.348 
3.353 


R.A.  = 
76.1 

75.9 


1.54 

21788. 

13"  49"'.         Decl. 
2.78  1 

2.69         1 


7.3 


< .  < 


=  —7°  28'. 
7.0  7.8 
7.0         7.8 


1893.350 


1893.384 


1893.384 


1893.044 
3.326 


76.0 

R.A.  = 

215.7 

R.A. 

240.1 

R.A.  = 

184.0 
184.8 


HOLDEN    16. 

14h  2m.         Decl. 
2.37  1       . 

fJ803. 
=  14"  5'".        Decl. 
4.78  1 

21819. 
14"  9'".         Decl. 
1  .38  2 

1.28  1 


=  —2°  58'. 
8.2         8.4 

=  —2°  G  . 
8.5        11.0 

=  +3°  41'. 
7.8         8.0 
7.7         7.9 


1893.185        184.4 


1893.384 


1893.159 
3.326 
3  359 


R.A.  = 

276.5 

R.A.  = 

238.9 

238.3 

238.2 


1.33 

14"  13'". 
3.08 


16. 
Decl. 
1 


7.8         8.0 

=  —13°  9'. 
7.8         8.0 


21888. 
14h  46"'.         Decl. 
3.42  2 

3.15         1 
3.17  1 


=  +19°  36'. 
4.4  7.0 

5.0         7.5 
5.2         7.0 


1893.281 

1893.362 
3.526 


238.5 

232.2 
233.7 


3.25 

3.33 
2.99 


4.9 

5.0 


7.2 
7.0 


1893.444       233.0 


1893.044 
3.348 


R.A.     : 

242.4 
242.3 


3.16 

1 1909. 

15h  0m.         Decl. 
4.96  3 

4.78         2 


5.0 


F.O 


=  +48°  V. 
5.2  6.2 

5.0         6.0 


13.6       J 


15.8  J 

11.8  J 

12.4  J 

14.7  J 


13.2  J 

13.3  J 


13.9       J 


14  2       J 


14.0  J 

14.1  J 


14.4 


15.4  J 
14.3  J 
13.9       J 


13.8      C 
17.7      C 


11.6       J 
12.6       J 


1893.196       242  4 


4.87 


5.1 


6.1 
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P 

s            wt. 

Mag. 

Mag. 

h  Obs'r 

A    AND   C. 

1893.362 

240.°4 

4 .85          1 

5.0 

6.0 

13.5 

(' 

P 

O 

s            wt. 

IT 

Mag. 

Mag. 

h   Obs'r 

3.526 

241.4 

4.63         2 

.    • 

•    • 

18.2 

C 

1893.414 

86.5 

60.02          1 
2  2055. 

*        * 

10.5 

14.6 

J 

1893.444 

240.9 

4.74 

5.0 

6.0 

2  1910. 

R.A.   = 

=  16h  26">.         Dec 

.   =  +2°  15'. 

R.A.  = 

=  15h  2m.         Decl. 

=  +9C 

41'. 

1893.159 

43.6 

1.68         2 

4.0 

5.7 

16.8 

J 

1893.159 

31.0 

4.68          2 

7.0 

7.0 

15.1 

J 

3.397 

44.6 

1.64 

4  5 

5.7 

16.2 

.J 

3.359 

30.9 

4.60          2 

7.0 

7.0 

14.5 

J 

lMi:i.278 

II. 1 

1.66 

2  2084. 

4.2 

5.7 

1893.259 

31.0 

4.64 

7.0 

7.0 

H  OLD  K.N  2.->> 

U.A.   = 

1G1'  37'".        Decl. 

=  +31 

:   49  . 

R.A.   = 

=  15h  3m.         Decl. 

=  —7° 

48'. 

1893.526 

49.5 

1.24          2 

•    ■ 

18.9 

C 

1893.384 

357.0 

3.34          1 

2'  1937. 

9.2 

9.4 

14.8 

J 

R.A.   = 

2  2120. 
171'  0"'.         Decl. 

=  +28° 

15'. 

R.A.   = 

15h  18'".         Decl. 

=  +30 

3  43'. 

1893.414 

246.9 

6. 66          2 

7.2 

9.2 

15.7 

J 

1893.397 

243.4 

0.59          2 

6.0 

-'»..» 

17.3 

J 

3.4  52 

24  7.4 

6.70          2 

7.4 

9.2 

15.  1 

J 

1893.433 

247.1 

6.68 

7.3 

9.2 

2' 1938. 

R.A.  = 

15h  20m.         Decl. 

=  +37 

°  46'. 

2'  2  1 30. 

1893.397 

87.2 

1.06          2 

7.2 

7.5 

17.8 

J 

R.A.  = 

171'  3'".         Decl. 

=  +54° 

38'. 

1893.414 

154.8 

2.59           1 

5.0 

5.2 

15.0 

J 

0^298. 

1893.526 

155.0 

2.35         2 

19.2 

c 

R.  A   = 

15h  32"'.         Decl. 

=  +40 

0   13'. 

1893.397 

171.7 

0.94          2 

2' 1985. 

7.0 

7.3 

18.1 

J 

R.A.  = 

2  3127. 
17h   10'".         D.-cl 

=  +24 

3  59'. 

1893.414 

188.7 

15.54           2 

3.0 

.S.O 

15.3 

J 

R.A.  = 

15>>  50'".         Decl 

=     1 

49'. 

3.452 

189.2 

15.64         2 

3.0 

8.0 

15.7 

J 

1893.159 

334.4 

5.77          1 

7.0 

8.2 

16.2 

J 

3.397 

335.2 

5.91          3 

7.0 

8.0 

16.5 

J 

1893.433 

189.0 

15.59 

2  2173. 

3.0 

8.0 

1893.278 

334.8 

5..S4 

7.0 

8.1 

2' 1998. 

R.A.   = 

17"  24'".         Decl 

=  —0° 

58'. 

R.A.    = 

I.".1  58m.        Decl 

A    AND    B. 

=  —11 

o  2'. 

1893.438 

388.8 

1.13         1 

2'2272. 

6.0 

6.2 

17.5 

J 

1893.397 

27.5 

1.17         3 

5.0 

5.2 

15.9 

J 

R.A.  = 

17"  59m.         Decl 

'=  +2C 

33'. 

3.452 

28.7 

1.13         1 

5.0 

5.3 

16.2 

J 

1893.."..-)  1 
3.564 

312.0 

315.0 

2.46 

2.16        .    . 

19.3 

c 

1893.424 

28.1 

1.15 

4(A+B)  :  C. 

5.0 

5.2 

c 

1893.558 

313.5 

2.31 

1893.397 
3.452 

61.6 
61.8 

7.61         2 
7.56         1 

.    . 

8.0 
8.0 

15.9 
16.2 

J 
J 

R.A.  = 

2  2471. 
19h  5m.         Decl. 

=  +7° 

5G'. 

1893.424 

61.7 

7.58 

2"  202 1 . 

•    • 

8.0 

1893.449 

124.6 

7.87          1 

7.8 

11.5 

19.2 

J 

02  388. 

R.A.  = 

16'"  8™.         Decl. 

=  +133 

51'. 

R.A.  = 

19h  47'".         Decl. 

=  +25: 

33'. 

1893.159 

332.2 

4.12          2 

7.0 

7.0 

16.5 

J 

1893.4  49 

139.8 

3.83         2 

8.2 

8.  1 

18.8 

J 

3.397 

332.6 

3.85          3 

7.0 

7.0 

16.8 

J 

3.466 

1  10.5 

3.80         1 

8.0 

8.2 

21.9 

J 

1893.278 

332.4 

3.98 

2  2032. 

7.0 

7.0 

1893.458 

140  2 

3.81 

2  2749. 

8.1 

8.3 

R.A.   = 

1G"   10m.          Decl. 

A    AND    B. 

=   +34f 

10'. 

R.A.  = 

20h  59'".          Decl 
A:4(B+C). 

=  +3C 

3'. 

L898.326 

209.9 

4.30           1 

5.2 

6.2 

14.6 

.1 

1893.449 

155.4 

2.58         1 

8.0 

9.5 

20.8 

J 

3. 3. V.i 
3.41  4 

209.3 

20  9. 5 

4.30         1 
1.28         2 

5.0 
5.0 

6.8 

6.0 

14.3 

J 
J 

3.4  66 

159.1 

s.O 

9.+ 

21.3 

J 

1893.458 

157.2 

2.53 

8.0 

9.+ 

1*93.366 

209.6 

4.29 

5.1 

6.3 

15    AND    C. 

1893.362 

209.0 

4.24          2 

5.2 

6.3 

14.2 

c 

1893.449 

155.1 

1.24         1 

9.5 

9.7 

20.8 

.1 

3.526 

208.8 

4.09         2 

.    . 

18.7 

c 

3.466 

157.7 

9.+ 

9.+ 

21.3 

J 

1S93.444 

208.9 

4.16 

5.2 

6.3 

1893.458 

156.4 

1 .  -J  1 

9.+ 

9.4 
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^'27«0. 

R.A.   = 

21''  2"'.        Decl. 

=  +33°  39'. 

P 

s             wt. 

Ma;'.         Ma; 

1893.419 

226.2 

7.08         2 
2'2804. 

8.0         8.5 

R.A.  = 

211'  27'".         Decl. 

=  +20°   11' 

1893.449 

331.5 

2.91           1 

7.4         7.7 

h   Obs'r 
19.4       J 


19.8 


-T2895. 
R.A.  =  22h  15"'.         Decl 
1893.449         32.3         7.41  2 

Haverford  College,   1894  February 


=  +24°  21'. 
8.0       10.5 


20.2 


V 

2909. 

R.A.  = 

22''  23"'. 

Decl. 

=  —  0° 

38'. 

P 

s 

wt. 

Maj;. 

Maj. 

h   Obs'r 

1893.449 

323.6 

3.22 

2 

4.0 

4.0 

22.0       J 

3.466 

323.9 

3.17 

1 

4.0 

1.0 

22.4       J 

1893.458 

323.8 

3.20 
0 

I"  500. 

4.0 

4  0 

R.A.  = 

23h  32'". 

Decl. 

=  +t:r 

46'. 

1893.449 

324.0 

0.78 

1 

6.0 

7.0 

21.4        .1 

3.466 

324.0 

0.70 

1 

6.0 

7.(1 

21.6       J 

1893.458 

324.0 

0.74 

V 

3050. 

6.0 

7.0 

R.A.  = 

23h  53m. 

Decl 

=  +3: 

0  4'. 

1893.449 

210.5 

2.51 

2 

6.0 

6.0 

21.7       J 

THE   LICK   OBSERVATIONS   OF   COMET  1892  V, 

By  E.  E.  BARNARD. 


I  was  much  surprised  to  see  in  A.J.  310  the  Lick  obser- 
vations come  out  so  discordantly,  as  shown  in  Prof.  Porter's 
paper  on  Comet  1892  V.  These  observations  were  made  by 
me,  and  I  supposed  they  were  good,  so  far  as  observations 
of  a  comet  of  this  class  would  permit. 

I  have  carefully  gone  over  my  observations,  and  find  no 
errors  of  reduction,  and  in  the  main  I  cannot  account  for 
the  discordances.  I  should  expect  to  measure  the  position 
of  an  object  like  this  to  within  2"  or  3"  at  the  outside. 

Following  is  the  method  I  have  used  in  observing  comets. 
Our  micrometer  has  only  two  wires  —  parallel.  These  are 
conveniently  illuminated  by  an  oil  lamp,  being  the  method 
of  illumination  used  by  Mr.  Burnham  in  all  his  double-star 
work.  Usually,  the  parallel  being  first  determined,  the 
difference  of  declination  is  measured,  the  telescope  remain- 
ing stationary  ;  three  settings  are  made  thus.  The  wires 
are  then  turned  90°  by  the  position  circle,  aud  eight  or  ten 
transits  taken  over  the  set  of  two  wires  ;  the  micrometer  is 
then  turned  to  the  parallel  again,  and  three  more  bisections 
in  declination  made.  In  general,  the  mean  of  the  times  for 
AS  agrees  with  the  mean  of  the  times  for  the  Aa  ;  if  they 
differ  by  a  sensible  amount  one  or  the  other  of  these  quanti- 
ties is  corrected  for  the  motion  of  the  comet.  Some  times 
when  the  comet  is  conveniently  close  to  the  star  the  Aa  is 
measured  directly. 

As  a  check  on  my  AS,  the  wires  are  left  as  they  were  at  the 

last  bisection,  when  the  transits  are  taken,  and  from  the  inter- 

i  .,            i        •             .          Ao  cos  d'\  ,  • 

val  t  over  the  wires  we  have  I I  t  =  n,    the  number  of 

revolutions  of  the  screw  separating  the  wires  at  the  last 
setting  for  zW.  One  revolution  =  r=14".u59.  Out  of  the 
12  observations  of  this  comet,  in  all  but  three  the  Aa  was 
measured  direct,  aud  the  customary  check  was  not  secured. 
The  circle  on  the  micrometer-head  reads  to  30  revolutions. 
When  the  readings  are  near  15,  one  has  to  be  careful  not  to 
take  the  wrong  side  in  applying  the  zero-reading. 


Possibly,  from  the  following,  some  light  may  be  thrown 
on  the  measures.     The  times  are  in  Mt.  Hamilton  M.T. 


Oct.  13 


7" 
16 


41s 
42 


AS  +1'  20".0  (2) 
AS  +1       8  .0   (3) 

The  difference' between  these  measures  is  12".0,  while  from 
Prof.  Porter's  ephemeris  the  motion  of  the  comet  in  that 
time  should  be  8". 9,  a  disagreement  not  greater  than  would 
be  expected.  An  increase  of  the  AS  by  1  revolution  of  the 
screw  would  do  away  with  the  large  discrepancy  in  the  decli- 
nation on  this  date,  but  it  does  not  seem  warranted  by  the 
records. 

Oct.  16     10h  15"'  198         AS  —  —3'  33". 2   (2) 
10    25     57  AS  —  —3    35  .8  (2) 

The  difference  between  these  is  2". 6.  The  motion  of  the 
comet  was  9". 9.  The  readings  are  clearly  recorded.  Dimin- 
ishing the  record  by  1  revolution  here  would  do  away  with 
the  discrepancy.     But  it  does  not  seem  warranted. 

Oct.  17     10h  27m  59"         AS  =  —0'     5".6   (2) 
10    49     41  A8  =  —0    49  .4   (2) 

The  first  of  these  is  certainly  correct,  for  I  estimated 
the  comet  to  be  4"  south  of  star.  The  other  seems  too 
large,  the  difference  being  43". 8,  while  the  motion  of  the 
comet  was  20". 2  only.  Reducing  the  last  AS  by  1  revo- 
lution would  remove  the  discrepancy  with  reference  to  the 
ephemeris. 

Oct.  18     6h  44m  29B         AS  =  +  2'  39".8   (3) 
Diminishing  by  the  value  of   1   revolution   will  do  away 

with  the  discrepancy  ;  but  there  is  nothing  to  warrant  it  in 

the  record. 

Oct.  19.     By  a  clerical  error  the  AS  was  given  +8'  30". 6, 

instead  of  +7'  30".6. 

Oct.  22.     The  recorded  measures  for  Ad  are  clear;  aud 

will  justify  no  other  interpretation,  though,  if  we  diminish  the 

readings  by  1  revolution,  the  discrepancy  disappears.     Both 


No.  312. 


THE    ASTRONOMICAL    JOURNAL. 


205 


at  the  observations  for  J8  and  Ja  the  comet  was  most  ex- 
cessively faint ;  observations  could  not  be  made  until  the 
visitors  left. 

Oct.  24.  The  records  for  both  stars  are  clear,  and  there 
does  not  seem  to  be  any  other  interpretation.  The  measures 
for  the  Ja  with  the  second  star  are  discordant. 


Oct.  25     7h  43m  36s 
7    57     27 


Ja  =  —3'  14".9   (2) 
Ja  =  —  3    18  .0   (2) 


If  the  Ja  were  diminished  by  1  revolution,  it  would  accord 
more  nearly  with  the  ephemeris.     But  the  record  is  clear. 


6"  29m     8- 
6    46     46 


Nov.  21 
Ml.  Hamilton,  1894  Feb.  7. 


JS  =    +2'  24". 6    (2) 
dS  =  +2    23  .9   (3) 


On  this  date  my  notes  say,  "  Comet  most  excessively 
faint.  Only  the  vaguest  traces  of  it."  I  see  nothing  to 
change  in  the  observations,  though  the  last  set  is  very  dis- 
cordant. Of  course  a  change  of  1  revolution  here  would 
also  make  accord. 

It  is  probable  that  I  may  have  in  general  selected  a  dif- 
ferent point  in  the  comet  to  observe  from  the  other  observers, 
though  this  seems  improbable,  as  there  was  no  definite 
point  to  measure. 

The  coincidence  of  the  wires  was  determined  at  the  time 
of  the  observations. 

On  Oct.  15,  the  Ja  should  read  +0m  11s. 05,  instead  of 
+  0m  108.80. 


OBSERVED   MIXBIA 

By  PAUL  S. 
I  have  had  the  good  fortune  to  secure  observations  of 
Y Cygni  ou  twenty-six  dates  during  the  past  season  ;  from 
these  observations  twenty-five  minima  are  deduced,  and  on  the 
remaining  evening  the  observations  show  no  decided  minimum. 
Every  precaution  has  been  taken  during  these  observations 
to  avoid  the  influence  of  preconceived  ideas;  only  the  days 
of  minima  have  been  entered  on  my  working  ephemeris  ; 
after  July  20  no  examination  of  the  observations  was  made 
until  the  whole  series  of  minima  had  been  observed  ;  and  on 
nearly  or  quite  every  evening  on  which  the  star  was  ob- 
served, the  observations  have  been  roughly  checked  by  fre- 
quent examination  with  the  field-glass,  in  which  on  dark 
nights  it  is  quite  faint  when  near  the  minimum,  and  in  moon- 
light it  disappears. 


OF    Y  CYGNI,  1893, 

YENDELL. 

In  spite  of  these  precautious,  it  is  feared  that  the  minima 
observed  on  epochs  1628  and  1651,  although  apparently 
well-observed,  were  so  far  vitiated  from  this  cause  that  a 
nominal  weight  only  has  been  assigned  to  them. 

The  variation  of  the  light-curve  has  been  quite  evident, 
as  will  be  seen  by  the  observed  least  magnitudes,  given  in 
the  list  below  ;  on  this  account  the  minima  have  all  been 
reduced  graphically,  by  the  single  light-curves,  and  no 
attempt  at  the  employment  or  formation  of  a  mean  light- 
curve  lias  been  made. 

In  the  subjoined  table,  the  residuals  in  the  column  O — C 
are  obtained  by  comparison  with  Diner's  elements,  as  given 
in  Chandler's  Second  Catalogue,  the  z  term  of  ±2S.2  be- 
ing omitted. 


Observed 

Minima. 

E 

Local  Mean  Time. 

w 

O— C 

Least  obs 
liriglitncs> 

E 

Local  Mean 

rime 

w 

()— C 

Least  obs 
brightness 

1562 

h       m 

1893  May     6   12  39 

•> 

111 

+   90.5 

M 

7.84 

1648 

1893  Sept.  12 

m       h 

8  34 

4 

in 

+   82.9 

8*20 

1570 

18  11  38 

4 

+   55.3 

7.84 

1649 

13 

12  35 

4 

—  188.4 

8.20 

1598 

June  29   10  14 

3 

+   59.7 

7.84 

1651 

16 

11  44 

1  : 

—232.6 

8.25 

1612 

July    20     9  49 

3 

+   62.7 

8.00 

1666 

Oct.      9 

7  38 

2 

+   61.2 

8.20 

1623 

Aug.     5   13  53 

4 

-179.1 

8.33 

1668 

12 

8     3 

4 

+   91.2 

8.32 

1625 

8  13  38 

4 

—188.5 

8.25 

1670 

15 

8  24 

3 

+  117.4 

8.32 

1626 

10  10     6 

2 

+  117.4 

8.08 

1672 

18 

7  50 

3 

+   88.4 

8.16 

162* 

'     13   10  48 

1  : 

+  164.7 

8.30 

1674 

21 

7  55 

4 

+   98.4 

8.25 

1634 

22     9  46 

4 

+  118.5 

8.30 

1677 

25 

11   37 

4 

—212.2 

8.32 

1636 

25     9  54 

4 

+  131.7 

8.30 

1679 

28 

11   18 

•> 

—216.1 

8.16 

1637 

26  13  25 

3 

—  190.1 

'    8.35 

16S2 

Nov.     2 

6  57 

2 

+   60.3 

8.20 

1  C,  4  4 

Sept.     6     9   13 

4 

+  111.5 

8.25 

1688 

11 

6  53 

3 

+    70.9 

8.25 

1646 

9     8  38 

4 

+   81.8 

8.17 

On  the  evening  of  May  24,  the  star  was  watched  from 
9h  15'"  to  12h  lom,  without  any  definite  minimum  phase  be- 
ing detected,  as  although  one  observation  at  llh  13m  gave  a 
magnitude  of  7.8.  this  was  only  two  steps  below  the  highest 
observed  light,  and  one  step  below  the  average  of  all  the 
evening's  observations. 

Dorchexter.  Mass.,  1894  January  4. 


The  large  residuals  shown  by  these  observations  appear 
to  indicate  either  the  need  of  considerable  modification  in 
the  constants  of  Duxer's  elements,  or  that,  as  suspected  by 
him  (A.J.  Vol.  XII,  p.  3),  the  term  z  may  be  variable  ;  but 
the  evidence  hitherto  collected  does  not  appear  to  furnish  suf- 
ficient data  to  decide  the  matter. 
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OBSERVATIONS  OF   OOMET  c  1893  (brooks), 

MADE  AT   THE   OBSERVATORY   OF   THE  STATE   IN  IVERSITY    OB   MISSOURI, 

By  MILTON   UPDEGRAFF. 


1893  Columbia  M.T. 

* 

No. 

&- 

-* 

^'s  apparent 

log 

P\ 

Comp. 

Ja 

jS 

a                          8 

for  a 

for  i 

Nov.     9 

h          in         a 

16  33  5S.3 

1 

3 

Wis.  .',7 

/            0 

+  2   13.3 

12  59V/.13 

+  30  53  20.4 

«9.717 

0.597 

17   13  55.9 

2 

6 

+  2  38.63 

—0  57.7 

12   59   55.12 

+  30  54  48.2 

n9.692 

0.524 

10 

16  51  44.3 

3 

9 

—1   39.36 

+  0  22.8 

13     1   57.3 

+  31  45.4 

n9.710 

0.553 

12 

17     3  47.3 

4 

6 

+  4  46.88 

+  2     5.0 

13     6  18.2 

+  33  38.2 

n9.708 

0.501 

14 

17     8  55.3 

5 

7 

+  3     1.17 

+  5  50.0 

13   10  53.03 

+  35  32  42.9 

n9.712 

0.456 

15 

16  33   19.0 

6 

5 

+  2     0.50 

+  3  43.4 

13  13   13.21 

+  36  30  57.4 

«9.728 

0.476 

18 

17   17  53.6 

7 

6 

+  4   12.98 

+  5  53.9 

13  20  58.09 

+  39  32     2.3 

?i9.721 

0.344 

19 

17   10     •">.! 

8 

5 

—5     6.70 

+  4  57.8 

13  23  39.66 

+  40  33  31.0 

?i9.734 

0.346 

Mean  Places  for  1S93.0  of  Comparison- Stars. 

Ked.  til 

,j                       Red.  i" 

* 

a 

app.  place 

6 

app.  place                                            Authority 

O           /            II 

// 

1 

12  57  32.57 

+  1.19 

+  30  51    24.7 

—  17.6 

W.B.  XII,  1107 

2 

12  57  15.30 

+  1.19 

+  30  55  58.5 

—  17.0 

W.B.  XII,  1099 

3 

13     3  35.5 

+  1.17 

+  31   45.2 

—  18.0 

DM.  +31°2454 

4 

13     1   30.1 

+  1.23 

+  33  36.4 

—19.2 

DM.  +33°2301 

5 

13     7  50.65 

+  1.21 

+  35  27   13.0 

—20.1 

Lalaude  24555 

6 

13   11    11.51 

+  1.20 

+  36  27  34.2 

—20.6 

W.B.  XIII,  173 

7 

13   16  43.93 

+  1.18 

+  39  26  30.4 

—22.0 

W.B.  XIII,  286 

8 

13  28  45.28 

+  1.08 

+  40  28  55.3 

—22.1 

W.B.  XIII,  542,  543,  mean 

NEW  ASTEROIDS. 

From  Prof.  Kreutz  we  Lave  notice  of  the  photographic  discovery  of  two  asteroids  by  Charlois,  at  Nice. 
AT     12M     Jan.  29,     9h  55m.O  Nice  M.T.     «  =  8"  44'"  56s,     5  =+19°  24'.     Daily  motion,  — 4.s8  in  a.  and  2'  northward. 
ALT    13M  29,     9h  55m.O  Nice  M.T.     «  =  8h  54m  12%     8  =  +19°  56'.     Daily  motion,  —48s  in  a,  and  3'  northward. 

Dr.  H.  C.  Wilson  of  Northfleld,  Minn.,  while  examining  a  photograph  of  the  Pleiades,  taken  with  the  8-inch 
telescope  of  Carletou  College,  and  four  hours'  exposure,  found  upon  it  two  asteroid  trails. 

After  photographing  the  region  auew  on  Feb.  1  and  3,  and  calculating  the  positions  of  sundry  asteroids  from 
their  orbits  given  in  the  Berliner  Jahrbuch,  he  arrived  at  the  conclusion  that  one  of  the  trails  was  probably  due  to  a 
previously  unknown  body  of  12M. 

Measurements  upon  the  plates  gave  for  this  the  approximate  places   (Greenw.  M.T), 

Jan.  30.6494         3h  41m  248.6  +24°  50'  29"  |  Feb.    3.6130         3h  44m  176.2  +24°  54'  43" 

These  positions  were  forwarded  to  Mr.  Ritchie,  and  transmitted  through  his  agency  to  Mr.  Berberich  of 
Berlin  Recheninstitut,  who  on  Feb.  21  telegraphed  the  following  ephemeris,  which  he  had  deduced  from  circular 
nieuts  based  on  the  two  observations. 

Greenw.  M.T.  a  8 

Feb.  23.5         4h     4m  28"         +25°  30' 
27.5         4      9     28  +25    38 

Mar.    3.5         4    14     48  +25    48 


the 
ele- 


No.  292,  p.    26,  col.  2,  line  37,    for    +40°  57'.8    put    +48°  57'.8 
302,  p.  122,  col.  2,    for    5762  XHerculis    put    5758  XHerculis 
305,  p.  145,  col.  1,      "      5374  S  Librae  "      5374  d  Librae 


CORRIGENDA. 

No.  306,  p.  153,  line  —2      for    Jahrbuch  1887  put  Jahrbuch  1817 

308,  p.  169,  col.  1,     for    3060  IT  Can.min.  put  3060  U  Cancri 

309,  p.  177,  line  8,      '•       +39°  23'.9  "  +39°  29'.9 
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Observations  of  Comets  1892  VI,  a  1893  and  ft  IS93     .    .  117 
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Safarik,  Prof.  A.,  Prague,  Bohemia. 
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5338  ('  linn  lis.  Maxima,   Minimum  ami   Observatiops,   by 

II.    M.   PARKHURST 167,   169 

Maximum  ami  Observations,  by  .T.  A.  Parkhi 
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lbs]  8Camelopardalis,  Maximum  and  Minimum,  by  Yen- 
deli  9,  121 

1623  T  Camelopardalis,  Maxima  and  Minimum,  by  Duner,     is 

Maximum  observed  bj  Vi  \hki.l :t 
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P  IRKHURST 1' 

7455  U  Caprieorni,  Maximum  and  Observations,  by  H.  M. 

Parkhi  bst 192.  193 

7571   V Caprieorni,  Maximum  ami  Observations,  by  II.  M. 

P  IRKHUR8T lb:;.  194 

7252  WCapricorni,  Maximum  and  Observations,  by  II.  M. 

I'  SlBkhurst L92,  193 

7577    \   ■  'iii.  Maximum  and  Observations,  by  II.  M. 

Parkhurst lb::.  I'M 

773:'.  T Caprieorni,  Maximum  and  Observations,  by  H.  M. 

I'  irkhtjrst lb:;.  194 
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Elements  of  Variation,  by  Roberts 50 
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432  S  Cassiopi  ae,  Maximum  and  Observations,  by  H.  M. 

Parkhurst 167, 
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243  UCassiopeae,  Maximum  observed  bj  Di  mi:  .... 

Elements  of  Variation,  by  DUNER 

7i'.'i  B  Cephei,  Observations  by  Duner 

7779  SCepkei,  Maximum  observed  by  Duneb 

Elements  of  Variation,  by  Duneb 

7609  TCephei,  Maximum  and  Minimum,  by  Di  \i':i;  .  . 
320  UCephei,  Minima  observed  by  Duner 

Minima  o  iy  Teh  deli 

Elements  <>f  Variation  and  Orbit,  by  C handle h  . 
8594  V Cephei,  Maximum  and  Minimum,  liy  Yendell  . 
sue,  WCephei,  Confirmation,   Maxima  and   Minima,  by 

\  :  \  mi  i 

5504  SCoronae  Bor.,  Maximum  observed  by  Duner    .   . 
51-1  V Coronai   Bor.,  Minima  observed  by  Duner   .    .    . 

Minima  observed  bj  Vi:\ni.;i.i 

5675   VCoronae  Bor.,  Maxima  and  Minima,  by DunKR   . 

Elements  of  Variation,  by  Duner     

7120  x  Cygni,  Maximum  observed  by  Duner 

7045  JR  Cygni,  Maxima  observed  bj  Duner     

7220  S  Cygni,  Maximum  observed  by  Duneh 

Maximum  and  Observations,  by  J.  A.  Pabkhubst, 

Elements  of  Variation,  by  Duneb 

7299  I    Cygni,  Maximum  and  Minimum,  by  Duner  .    .    . 

Maximum  and  Minimum,  by  Yendeli 

7428  V  Cygni,  Maximum  observed  by  Duneb 

Maximum  observed  by  Vkxdei.i 

Elements  of  Variation,  by  Dunkr 

7754  WCygni,  Maxima  and  Minima,  by  Duneb     .... 

Maxima  and  Minima,  by  Yendeli 10, 

Elements  of  Variation,  by  Duneh 

7437  X  Cygni,  Maxima  and  Minima,  by  Duneb     .... 

Maxima  and  Minima,  by  Vnxntu 

7488  Y  Cygni,  Minima  observed  by  Duneb 

Minima  observed  by  Yendeli 

7192  Z  Cygni,  Maximum  and  Minimum,  by    Duner.    .   .•  , 

Maximum  and  Obsns.,  by  H.  M.  Pabkhubst,     192* 

Maxima  and  Observations,  by  Yendell    .   .    .    .9, 
7259  JBS  Cygni,  Maximum  and  Minimum,  by  Duner    .    . 

Maximum,  Minimum  and  Observations,  by  H.  M. 
Parkhubst 192 

Maximum,  Minimum  and  Obsns.,  by  Yendell,    10 

7085  BTCygni,   .Maximum,   Minimum  and  Observations, 

by  H.  M.  Parkhubst •  .  192 

Maximum  and  Observations,  by  Yendell  .... 

Comparison  Stars  for 

7783  Bl   Cygni,  Observations  by  Reed 

Maximum  and  Observations,   by  Yendeli 

7795  JB  V  Cygni,  Observations  by  Sawyer 

Maximum,  Minima  and  Obsns.,  by  Yendell,  .     10, 

,    Note  Concerning  it,  by  Safarik 

7351  BWCygni,  (DM.  39°4208). 

1  'onfirmation  and  Observations,  by  Yendell  .    26 
7247  RX Cygni,  Confirmation,  Maxima  and   Minima,  by 

Yendell 

7261  BDelphini,  Maximum  and  Observations,  by  II.  M. 

1'  \KKUI    RST 192 

Maximum  and  Observations,  by  Yendell  .... 
7444  TDelphini,   Maximum  and  Observations,  by  H.  M. 

Parkhubst 192 

7458  TDelphini,  Maximum  and  Observations,  by  11.  M. 

Parkhubst 192   193 

Observations  by  Reed 63 
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7487  Welphini,    Confirmation,   Maxim,   and  obsns.,  by 

Sendeli 1Ti;  ,,,- 

Comparison-Stars  for [94 

5955  RDraconis,  Maximum  and  Minimum,  by  Duneb    .  22 

Elements  of  Variation,  by  DuNfiit 22 

6005  S  Draconis,  Maximum  and  .Minimum,  by  Yendell  .  195 

2528  B Geminorum,  Maximum  observed  by  Yknueli.  .    .  L22 

2742  8  Geminorum,  Maxima  observed  by  Yendell  .   .   .  122 

Maximum  and  <  >bsns.,  by  II.  M.  Parkhubst  .  167,  169 

2780  T  Geminorum,  Maximum  observed  by  Yendell  .   .  122 

Maximum  and  Obsns.,  by  H.  M.  Parkhubst    .  167,  169 

2815  U  Geminorum,  Maxima  observed  by  Duner  .   ...  19 

Observations  by  H»  M.  Pabkhubst 109 

Maximum  observed  by  Yendeli 9 

0044  SBerculis,    Maximum  and  observations,  by  H.  M. 

Parkhubst 192  193 

6512  THerculis,  Maxima  observed  by  Duneb 22 

5950  W  Herculis,  Maxima  and  Minima,  by  Duneb   ...  21 

Elements  of  Variation,  by  Duneb 21 

5758  X  Herculis,  Maxima,   Minima  and  Observations,  by 

Yendeli 122  1:14 

5952  THerculis,  Maxima  and  Minima,  by  Yendell   .   .  25 

4940  W  Hydrae,  Maximum  observed  by  Yendell    ...  122 

8153  S  Lacertae,  Maximum  observed  by  Duneb    ....  24 

Maximum  observed  by  Yendeli 10 

S068  S  Lacertae,  Observations   by  Reed 62 

3994  SLeonis,    Maximum   and    Observations,   by  II.   M. 

Pabkhubst 167  ir,o 

3890  W Leonis,  Maximum  observed  by  Yendeli 122 

2170   S  Leppris,  Confirmation  of  Variability,  by  Yendell,  175 

5374    SLibrae,  Minimum  observed  by  Yendeli 14.3 

5494   S Librae,    Maximum  and  Observations,   by  H.    M. 

Pabkhubst 168,  169 

5017  V Librae,    Maximum   and   observations,    by  II.   M. 

Parkhubst i,-,s,  mo 

5583  X Librae,    Maxima    and    Observations,    by   II.     M. 

Parkhubst  • igg  igg 

5438  T Librae,    -Maximum   and   Observations,    by  H.  M. 

Parkhubst i68,  169 

2478  -E  Lyncis,  Maximum  observed  by  Duner 11) 

2279  T Monocerotis,  Maxima  and  Minima,  by  Yendell  .  122 
2266  V Monocerotis,    Maximum  and  Observations,  by  H. 

M.  Parkhubst '107,  10s 

4536  MMuscae,  Maxima  and  Minima,  by  Roberts   .    .    .  50 

Elements  of  Variation,  by  Roberts      50 

6132  E  Ophiuchi,  Observation  by  H.  M.  Pabkht/bst    .    .  193 

6189  U  Ophiuchi,  Minima  observed  by  Duneb 22 

Minima  observed  by  Yendeli 14.-, 

Elements  of  Variation  and  Orbit,  by  Chandler   .  4(5 
5887  VOphiuchi,   Maxima   and  observations,    by  H.    M. 

Pabkhubst 108,  109 

6682  X Ophiuchi,  .Maximum  and  Observations,  by  H.  M. 

Parkhubst 192,  193 

6404  TOphiucki,  Maxima  and  Minima,  by  Yendell  .    .  81 
1986  TOrionis,   Maximum   and    Observations,  by  H.    M. 

Parkhubst ltS7i  i68 

2100  U  Orionis,  Maxima  and  Minimum,  by  Duneb   .    .  -.  19 
1805  V Orionis,  Confirmation  and  Observations,  by  Yext- 

nELL 25,  1S7 

6760  k  Pavonis,  Maxima  observed  by  Roberts 51 

Elements  of  Variation,  by  Roberts 51 

1222  B  JPersei,  Maxima  observed  by  Duneb 18 
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814  SPersei,  Maximum  and  Minimum,  by  Duner  ...      18 

793  TPersei,  Maximum  observed  by  Dixf.i; 18 

678  UPersei,  Observations  by  Reed 62 

Maxima  and  Minimum,  by  Tendeli l-i 

2583  is  Puppis,  Maxima  observed  by  Roberts     ....      4!> 

Elements  of  Variation,  by  Roberts 49 

7257  S  Sagittae,  Maxima  and  Minima,  by  Tendeli.     .    .      10 
7149  8 Sagittae,  Maxima  and  Minima,  by  Tendell  .    .    .      81 
6943  T Sagittae,  Confirmation.    Maximum   and   Observa- 
tions, by  Tendeli 26,  175 

6905  R  Sagittarii,  Maximum  observed  by  Yendell  .    .   .    195 
Maxima  and  Obsns.,  by  H.  M.  Parkhurst  .   .  192,  193 
6921  S Sagittarii,  Maximum  and  Observations,  by  H.  M. 

Parkhurst 192,  193 

6636  U  Sagittarii,  Maxima  and  Minima,  by  Yendell  .  82 
6472  W  Sagittarii,  Maxima  and  Minima,  by  Yendell  .  .  v_ 
6368  X Sagittarii,  Maxima  ami  Minima,  by  Yendell  82 

6573  T  Sagittarii,  Observations  by  Mark  wick 180 

Maxima  and  Minima,  by  TENDELI 82 

6923  Z Sagittarii,  Maximum  and  Observations,  by  H.  M. 

Parkhurst 192,  193 

Comparison-Stars  for 194 

5830  JB  Scorpii,  Observations  by  H.  M.  Parkhurst  .    .   .    169 

Maximum  observed  by  TENDELI 122 

5831  8 Scorpii,    Maximum   and   Observations,   by  II.   M. 

Parkhurst 168,  169 

5795  WScorpii,   Maximum  and  Observations,  by  H.  M. 

Parkhurst 168,  169 

5761  Z Scorpii,   Maximum   ami   Observations,   by  II.   M. 

Parkhurst 168,  Hi'-' 

6733  B  Scjiti,  Maxima  and  Minima,  by  Yendell  ...  81 
5677  RSerpentis,   Maximum  ami  observations,  by  II.  M. 

Parkhurst 168,  169 

1411  A  Tauri,  Minimum  observed  by  Duner IS 

Minima  observed  bj  Tendeli 144 

171"  V  Tauri,  Maxima  observed  by  Tendeli 9,  121 

Maximum.    Minimum  and  Observations,   by  II.   M. 

Parkhurst 167,  168 

1367  J2T  Tauri,  Observations  by  Tendeli i>."> 

906  JR  Trianguli,    Maxima    and  Observations,    by   Ten- 
deli  9,  194 

B  1  mli  Australia,  Observations  by  Robkrts     .      50 

Elements  of  Variation,  by  Roberts 51 

3825  fi  Ursat  Majoris,  Maximum  observed  by  Duner  .  .  19 
4557  S  Ursat    Vajoris,  Maxima  and  Minimum,  by  Duner,     20 

Minimum  observed  by  J.  A.  Parkhurst 188 

4  .">  1 1  TUrsai  M ajoris,  Maximum  and  Minimum,  by  Duner,  19 

Minimum  observed  by  J.  A.  Parkhurst 188 

5948  /.'  '  ris,  Maximum  anil  Minima.  by  Duner,     l'-' 

Maxima  ami  Minimum,  by  . I.  A.   PARKHURST  .    .    .     188 

4S47  8  Virginis,  Maximiun  observed  by  Tendeli 122 

C.77  TVirginis,   Minimum  and   Observations,    by    II.   M. 

Parkhurst 167,  169 

4596  U Virginis,   Maximum  and  Observations,  by  II.  M. 

Parkhurst 167,  169 


Variable  Stars.       ( font. 

4805   W  Virginis,  Maxima  and  Minima,  by  TeNDELL    .    .     122 
449l'  F Virginis,  Maximum  and  Observations,  by  II.  M. 

Parkhurst 167,  169 

5070  Z  Virginis,  Observations  by  II.  M.  Parkhurst    .   .    169 
5037  i:t:  Virginis,  Maximum  and  Observations,  by H.  M. 

Parkhurst 167,  169 

7560  II  Vulpi  culai .  Maximum  and  observations,  by  II.  M. 

Parkhurst 19:5 

7106  S  Vulpeculae,  Maxima.   Minima  ami  Observations, 

by  II.  M.  Parkhi  rst      192,  193 

<  omparison-Stars  for 194 

74s:',   T  Vulpeculae,  Maxima  and  Minima,  by  TKNDELL     .       82 
[See  also  Suspected  Variables.] 
\  assar  College  Observatory.     [See  Poughkeepsie.] 


W. 

Wagner,  Miss  Marys.,  Vassar  College,  Poughkeepsie,  N'.V. 

Observations  of  Cornel  1893  I  (g  1892) 

Washburn  Observatory.     [See  Madison.] 
Washington,  D.C.,  Observatory  of  Catholic  University. 

Observations  of  Comet  c  1893 150,157 

'■    Double  Stars 84 

Whitaker,  Mr.  George  E.,  Somerville,  Mass. 

Ephemeris  of  Comet  5 1893 166 

Whitney,  Miss  Mary  W.,  Director  of  Vassar  College  Observa- 
tory, Poughkeepsie,  N.Y. 

Observations  of  Comet  1892  in  (/ 1892) 38 

"   Cornel  1893  I  (;/  1892) 7 

Wilson,  Dr.  II.  < '..  Carleton  Observatory,  Nbrthfield,  Minn. 

observations  of  Comets  1892  I,  1892  III  and  1893  I   •    .    .        7 

•■    Comets  1892  III  and  1893  I 61 

"   Comet  6  1S93 123 

■■   Comets  1892VI,  a  1893  and  6  1893    .    .    .    149 

"   Comets  6  1893  and  c  1893 180 

Discovery  of  probably  New  Asteroid 206 

Wolf,  Rudolf ,  Notice  of  his  Death 181 

v. 
Vi  xi. ri  i,  Mr.  Paul  s..  Dorchester,  Mass. 

Maxima  and  Minima  of  Varial  '111 '■> 

Note  on  Sawyer's  New  Variable  in  Aquila  \  VAquilae,~\     13 
Observations,  from  1888  \<>  LS93,  of  Stars  Suspected  of  Vari- 
ability           25 

on  tlie  Elements  and  !  tght-Variation  oi 

On  the  Variability  of  2258  VAurigai 

Maxima  and  Minima  of  Variable  Star  81 

Observed  Maxima  and  Minima  of  Variable  Stars,  1892  ''■'•,   121 
i  Ibservations  of  Variable  stars  of  the  Algol-Type,  1892  93,    1  13 

Observations  of  Suspected  Variables 175 

On  the  Variability  of  1805   VOrionis,  7i'47  E  and 

811(1  WCephei     187 

Maxima  and  Minima  of  Variable  Stars  Observed  in  1893  .     194 
Observed  Minima  of  TCygni,  1893 205 
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()N    PONDS   DOUBLE-ALTITUDE   OBSERVATIONS,  1825-35. 

By  S.  C.  CHANDLER 
I.     Reduction  of  Obskbvations. 


In  the  year  1825  Pond  devised  a  plan  for  the  conjoint 
use  of  the  Mural  Circles  of  the  Greenwich  Observatory. 
for  the  purpose  of  absolute  determination  of  polar  distal 
In  the  spring  of  that  year  he  began  a  series  of  observa- 
tions  upon  this  principle  which  was  prosecuted  with  great 
vigor  and  continuity  for  three  years.  After  about  eight 
months'  interruption  caused  by  the  necessity  of  obtaining 
observations  of  a  large  number  of  smaller  stars,  for  the 
completion  of  his  Catalogue  (the  one  containing  720  stars  i. 
the  series  was  again  resumed  in  1829,  although  on  a  Less 
extensive  scale,  and  continued  until  his  resignation  of  the 
post  of  Astronomer  Royal  at  the  end  of  1835. 

This  beautiful  series  of  observations  may  be  regarded  as 
one  of  the  most  remarkable  in  modern  astronomy.  Hither- 
to, however,  astronomy  has  uot  reaped  its  benefits,  from 
the  fact  of  Poxn's  inadequate  reduction  of  them. 

Early  in  the  summer  of  last  year,  after  I  had  completed 
the  calculations  on  the  principal  series  of  observations 
since  18-10,  available  for  the  establishment  of  the  law  of 
the  latitude-variation,  it  became  apparent  that  the  most  essen- 
tial element  for  further  advancing  our  knowledge  in  regard 
thereto  was  the  derivation  of  its  various  constants  for  the 
period  anterior  to  1840.  In  particular,  in  behalf  of  the 
attempt  to  investigate  the  nature  of  the  variation  of  these 
constants  from  their  mean  values,  it  was  necessary  that  the 
true  value  of  the  principal  element,  namely,  the  mean 
length  of  the  428-day  period,  should  be  fixed  with  the 
greatest  possible  precision. 

Our  main  resource  for  establishing  the  principal  epoch 
for  this  term,  about  1840,  lies  in  the  vertical  circle  and 
prime-vertical  observations  at  Pulkowa  in  1840-43.  Not- 
withstanding their  extreme  precision,  these  observations 
were  concentrated  within  so  short  an  interval  that  the  dis- 
entanglement of  the  constants  of  two  terms  so  nearly  com- 
mensurate   was   difficult,   and   the  epochs   for  both  were 


subject  to  much  uncertainty:  as  those  '  read  the 

papers  in  this  Journal  on  the  aberration-constanl  are  aware. 

Considering  the  necessities  of  the  case,  and  the  different 
series  of  data  before  1840  at  our  disposal,*  1  concluded 
that  the  problem  could  best  be  solved  by  means  oi 
series  of  reciprocal  double-altitudes  bj  Pond  between  L825 
and  1836.  and  that  the  labor  of  a  reduction  of  them  must 
be  resolutely  undertaken.  The  large  amount  of  other 
work  on  hand  would  have  discouraged  this  project,  had  1 
not  happily  received  at  this  juncture,  through  the  liberality 
of  a  friend  of  astronomy,  a  generous  appropriation  for  the 
purpose  of  employing  computers  to  assist  in  carrying  on 
the  work. 

It  is  unnecessary  here  to  enter  into  a  description  of  the 
instruments,  or  to  give  more  than  a  general  account  of  the 
observations  and  their  reduction.  Pond's  device  for  the 
use  of  the  two  Mural  Circles,  at  once  simple  and  effective, 
may  be  briefly  explained  as  follows  :  A  star.  .  I.  at  a  given 
culmination,  was  observed  directly  with  one  instrument, 
and  by  reflection  with  the  other.  Another  star.  B,  was  ob- 
served directly  with  both  instruments.  Half  tic  difference 
of  the  circle-readings  for  A  gives  the  apparent  altitude 
affected  by  half  the  difference  of  corresponding  circle-read- 
ings of  the  two  instruments.  Half  the  difference  of  the 
circle-readings  for  B  gives  directly  this  half  difference  of 
circle-readings;  which,  applied  to  the  result  for  A.  % 
its  absolute  apparent  altitude  affected  only  by  the  mean 
flexure  of  the  two  instruments  at  that  altitude.  The  polar 
stars  observed  at  both  culminations  give  the  absolute  lati- 
tude, which  completes  the  data  for  finding  the  horizontal 
points  and  index  errors  of  both  instruments,  and  t! 
absolute  declination   from  each  observation    with  each   in- 

*The  discussions  of  Moi.vxki jx's,  Bbadlet's,  Brinkxey's, 
Bessel's,  Stbuve's  and  Mai>i.i:i:"-  Dorpat  observations,  and  other 
scrio*.  are  ill  hand.     (See  A.J.  XI.  pp.  76,  B3,  B6  :  XII.  pp.  19,  70.) 
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strument,  subjecl  of  course  to  flexure  and  division-error, 
and  to  the  variation  of  latitude. 

If  the  stars  in  the  working-list  lie  equally  distributed, 

mi  an\  given  night,  between  the  two  modes  of  observation, 
and  properly  alternated  on  succeeding  nights  both  as  re- 
spects the  instrument  and  mode  of  observation  used  for  any 
given  star,  it  is  manifest  that,  with  any  tolerable  steadiness 
of  instrumental  zero-points  for  a  period  of  several  nights, 
the  mean  observed  declinations  for  this  period  will  be  abso- 
lutely free  from  accidental  errors  in  the  determination  of 
these  zero-points  on  the  individual  nights.  Now  stability 
of  zero-points  is  a  feature  of  these  mural  circles  which  dis- 
tinguishes them  in  a  remarkable  degree.  Generally  for 
days,  frequently  for  weeks  together,  they  remained  constant 
within  an  amount  corresponding  to  the  probable  errors  of 
the  individual  values  found  from  a  great  number  of  de- 
terminations on  each  night. 

Nothing  could  better  illustrate  Pond's  peculiar  genius  as 
an  astronomical  observer  than  the  sagacious  common-sense 
displayed  in  this  simple  scheme,  and  the  industry  and  per- 
tinacity  with  which  it  was  carried  out  for  more  than  a 
decade.  The  rich  mine  of  stellar  measurements  thus  pro- 
vided has  remained  practically  unworked  for  sixty  years, 
only  now  to  yield  a  part  of  its  priceless  information,  and  to 
emphasize  Bessel's  profound  characterization  of  Pond's 
work  as  the  •■  ne  /Jus  ultra  of  astronomical  observation." 

Pond's  method  of  operating  these  admirable  instruments 
was  continued  after  his  retirement  and  death,  but,  after  a 
year  or  two,  in  a  more  desultory  and  less  well-balanced 
fashion,  and  ultimately  fell  into  practical  desuetude.  The 
Jones  Circle  was  transferred  to  the  Cape  of  Good  Hope  in 
1839,  in  exchange  for  the  Cape  Circle,  also  by  Jones,  which 
was  mounted  at  Greenwich,  but  scarcely  used.  The  Trough- 
ton  Circle  was  supplanted  by  the  Transit-Circle  in  1851. 
In  view  of  the  prolific  and  invaluable  results  which  we  are 
now  able  to  extract  from  his  eleven  years'  series,  this  aban- 
donment is  a  circumstance  which  we  can  never  cease  to 
regret. 

The  series  began  in  January  1825,  soon  after  the  instal- 
lation of  the  Jones  Circle,  which,  except  in  a  few  trivial 
details,  was  an  exact  counterpart  of  the  Troughton  Circle 
in  use  since  1812.  But  there  were  so  many  minor  adjust- 
ments and  alterations  during  the  first  three  months,  that  I 
have  acted  on  Pond's  recommendation  that  the  definitive 
series  be  regarded  as  beginning  1825  April  1.  All  the  ob- 
servations were  made  "with  the  twelve  microscopes  of  the 
two  circles,  except  those  in  the  latter  half  of  1828  and  the 
first  months  of  1829,  when  only  two  microscopes  with  each 
were  used  ;  except  for  yDraconis,  where  the  readings  of  the 
six  were  continued  for  the  purpose  of  establishing  the  relation 
of  these  combinations.  As  also  comparatively  few  reflec- 
tion-observations were   made  during  this  interval,  I  have 


omitted  tins  portion  of  the  series  on  account  of  its  want  of 
homogeneity  with  the  rest. 

The  position  of  the  telescopes  with  reference  to  the 
circles  was  not  shifted  during  the  eleven  years.  Thus  the 
same  divisions  always  came  under  the  microscopes  for  each 
star,  except  for  the  few  which  were  carried  over  to  the 
next  pointer-reading  by  precession.  This,  though  dimin- 
ishing the  value  of  the  observations  for  the  purpose  of 
obtaining  absolute  zenith-distances,  is  an  inestimable  ad- 
vantage lor  the  present  investigation,  since  the  results  for 
aberration  and  latitude-variation  are  free  from  the  effect  of 
division-errors.  For  this  purely  differential  purpose  the 
divisions  may  be  regarded  merely  as  arbitrary  marks  on 
the  circle. 

To  eliminate  completely  the  index-errors  of  the  two 
instruments  I  have  taken  only  the  "  reciprocal "  observa- 
tions;  namely,  those  made  simultaneously,  directly  and  by 
reflection.  These  give  the  altitudes  independently  of  the 
knowledge  of  the  horizontal  points  of  the  circles,  which 
may  be  and  have  been  entirely  ignored  in  these  investi- 
gations. 

All  the  observations  so  described  being  drawn  from  the 
Greenwich  Annual  Volumes,  1825-35,*  and  collected  for 
each  star,  the  material  divided  itself  naturally  into  two 
classes;  first,  fundamental  or  other  important  bright  stars, 
observed  with  great  frequency  in  nearly  all  years,  and  in 
several  months  of  the  year ;  secondly,  stars  observed  only 
a  few  times  each.  The  second  class  were  of  no  use  for  my 
present  aim.  From  the  first  I  selected  36  stars  between 
the  pole  and  +5°  declination,  as  practically  containing  all 
the  material  which  could  be  of  any  service  for  the  required 
investigation.  These  stars  are  well  distributed  both  in 
right-ascension  and  zenith-distance,  conditions  essential  for 
eliminating  possible  systematic  errors  which  could  affect 
the  constants  to  be  deduced.  These  data  comprised  7241 
culminations,  Le.,  double  that  number  observations  with 
both  instruments.  Of  these  14-482  observations,  six  were 
affected  with  large  mistakes,  and  fifty-nine  with  discord- 
ances exceeding  five  times  the  probable  error,  for  which  an 
examination  of  the  printed  record  t  and  of  my  reductions 
gave  no  explanation.  Excluding  these,  we  have  the  distri- 
bution shown  in  the  following  table,  where  n  is  the  number 
of  observed  double-altitudes. 

*  I  desire  to  express  my  indebtedness  to  the  Harvard  College  Ob- 
servatory for  the  loan  of  these  volumes  ;  and,  generally,  for  the  use 
of  its  Library. 

t  A.  silly  attempt  was  made  in  England  in  1823  (Phil.  Mag.,  LXIII) 
to  annoy  and  discredit  Pond,  by  allegations  of  inordinate  discord- 
ances and  errors  of  record  in  his  observations.  While  the  frivolous 
nature  of  these  criticisms  was  easily  exposed  by  Bessel(<4.JV,.  [V,  209), 
it  is  proper  here  especially  to  note  the  surprisingly  small  percentage 
of  such  mistakes  which  I  have  been  able  to  detect  in  the  prosecution 
of  this  work. 
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1 

a  Andromedae 

h 

0.0 

u 

28.2 

195 

19 

a  Bootis 

h 

14.1 

20. 1 

288 

2 

y  Pegasi 
a  ( 'assiopeae 

0.1 

14.2 

99 

20 

s  Bootis 

14.6 

27.8 

3 

0.5 

55.6 

91 

21 

I  rrsae  minoris 

14.9 

74.8 

194 

4 

a.  Ursae  min.    UC 

1.0 

,s.s    1 

317 

22 

a  Coronae 

15.5 

27.:; 

214 

4 

•      LC 

1.0 

88.4 

257 

23 

a  Serpentis 

15.6 

7.0 

169 

5 

,/  Arietis 

1.9 

22.7 

186 

24 

«.  Herculis 

17.1 

14.6 

195 

6 

u  Tauri 

4.7 

16.2 

181 

25 

a  Ophiuchi 

17.5 

12.7 

219 

7 

a  Aurigae 

5.1 

45.8 

111 

26 

a  I. 

18.5 

38.6 

292 

8 

■I  Tauri 

5.3 

28.5 

135 

2  7 

yrae 

is. 7 

33.2 

9 

u  Orionis 

5.8 

7.4 

114 

- 

~  Aquilae 

19.0 

13.6 

205 

10 

a3  Geminorum 

7.4 

32.3 

209 

29 

8  Draconis 

19.2 

>'.7.1 

180 

11 

a  Ganis  minoris 

7.."> 

5.7 

124 

.  30 

;  Aquilae 

19.6 

10.2 

162 

12 

P  > ■• minorum 

7.6 

28.4 

216 

31 

a  Aquilae 

L9  7 

8.4 

181 

13 

10.0 

12.8 

141 

32 

Aquilae 

19.8 

6.0 

164 

14 

;  Leonis 

10.2 

20  7 

142 

33 

a  Gygni 

20.6 

44.7 

435 

la 

«  Ursae  Majoris 

10.9 

62.7 

130 

34 

a  (lephei 

21.2 

61.9 

206 

16 

o  Leonis 

11.1 

21.5 

116 

35 

I  i  •  phei 

21.4 

69.8 

203 

17 
IS 

8  Ursae  Majoris 
a  Draconis 

12.1 

14.0 

58.0 
65.2 

74 
134 

36          «  Pegasi                       22.9 
Total  observed  altitudes, 

14.3 

161 

7176 

In  tin-  reduction  of  all  of  Pond's  observations,  which  I 
hope  to  be  able  to  complete,  his  values  of  the  horizontal 
points  will  need  a  thorough  re-investigation  ;  but  the  present 

discussion  is  entirely  independent  of  them,  as  1  have  above 
explained.  The  circle-differences  will  likewise  then  have 
to  be  overhauled,  although  a  close  scrutiny  has  convinced 
me  that  the  changes  from  Pond's  values  will  be  relatively 
unimportant.  Any  errors  in  this  latter  clement,  while  they 
do  affect  the  individual  altitudes  here  used,  are  practically 
entirely  eliminated  from  the  mean  of  successive  observa- 
tions in  which  the  instruments  are  alternated  for  the  direct 
and  reflected  observations,  as  I  have  also  explained.  This 
alternation  obtains  so  completely  in  the  actual  arrangement 
of  the  observations,  that  the  slight  errors  in  Pond's  de- 
termination of  the  circle-differences  are  absolutely  without 
influence  on  the  mean  results. 

With  regard  to  errors  of  runs  the  printed  record  gives 
do  information.  It  was  Pond's  habit  to  eliminate  this  by 
adjustment,  as  is  also  done  in  much  modern  practice,  instead 
of  applying  it  as  a  correction.  In  view  of  his  punctilious- 
ness in  such  matter--  of  mechanical  detail  we  might  perhaps 
assume  that  it  was  thoroughly  done,  without  further  ex- 
amination. .Manifestly  the  effect  of  outstanding  errors  from 
this  source  will  in  no  wise  vitiate  our  present  results,  unless 
the  possibility  be  admitted  that  the  error  of  runs  may  have, 
as  Aiuv  has  suggested,  a  periodica]  variation  dependent  on 
season,  when  the  microscopes  are  left  for  a  long  time  un- 
adjusted. However  improbable  this  may  seem,  it  is  im- 
portant to  inquire  into  the  point  closely.  This  I  have 
accordingly  done,  as  will  appear. 

The  reduction  of  the  observations  has  been  conducted 
with  the  Pulkowa  precession  and  nutation;  with  the  aber- 
ration-constant  20".500   (see  A. J.,  298,  p.  79) ;   with   Boss's 


proper  motions  (except  for  Procyon,  where  At  weks's  values 
for  this  and  the   orbital   motion  have   been   used,  with   the 
collection  — 0".017   to  the   former,  to  allow-  for  the  d 
.■nee    between    Boss's    and  Adwebs's  ms  of    proper 

motion);  and  finally,  with  Besskl's  refractions,  after  an 
investigation  of  the  thermometric  coefficient  directly  from 
Pond's  observations,  which  will  be  presently  given.  "With 
these  elements  the  observed  altitudes,  —  alter  reduction  to 
the  center  of  the  instrument  by  the  correction  0".046  I 
and  the  reduction  to  the  meridian  of  the  large  number  of 
circum-meridian  observations  of  Polaris,—  were  reduced  to 
1830.0,  and  converted  into  declinations  by  the  use  of  the 
provisional  latitude  51°  28'  38".27,  obtained  from  a  part  of 
the  574  observations  of  Polaris;  namely.  299  observations 
which  were  made  nearly  simultaneously,  and  in  nearly 
equal  numbers  at  the  two  culminations.  These  resulting 
declinations  then  stand  subject  to  a  final  correction  for  the 
true  mean  latitude,  and  for  the  latitude-variation,  to  be  de- 
termined from  this  investigation.  All  the  reductions  were 
made  with  extreme  care,  to  the  nearest  hundredth  oi  a 
second.  The  reduction-,  to  mean  place  were  interpolated  to 
the  actual  horn  .it  observation,  from  ephemerides  computed 
at  ten-day  intervals,  with  daily  differences  and  their  vari- 
ations. Tor  greater  accuracy  the  short  terms  of  the  nuta- 
tion were  not  included  in  these  ephemerides.  but 
afterwards  applied  to  the  individual  observations. 

In  this  way  were  derived  7176  determinations  of  the 
declinations  of  the  36  stars  here  to  be  discussed.  The  indi- 
vidual results  and  details  .if  reduction  will  appear  elsew  here. 
The  condensation  oi  them  into  a  number  of  groups  for  each 
star  will  be  given  at  the  end  of  these  papers. 

It  should  be  noted  at  the  outset  that  the  following  results 
are  necessarily  independent  of  division-errors  ami  of  flexure. 
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These  only  come  in  question  in  considering  the  absolute 
character  of  the  declinations.  However,  it  is  worthwhile 
to  note,  in  passing,  that,  from  the  mode  of  attachment  of 
the  telescope  t"  the  circle  in  this  class  of  instruments,  the 
tube-flexure  disappears.  The  only  flexure  which  we  should 
expect,  a  priori,  is  the  change  in  the  circle-flexure  conse- 
quent on  slightly  Loading  the  ends  of  a  single  diameter;* 
and  this,  on  mechanical  principles,  is  probably  very  small. 
Bessel  himself  remarked  this  circumstance  in  connection 
with  the  Kcinigsberg  Cary  Circle  where  the  same  mechani- 
cal principle  of  construction  enters.  It  was  also  confirmed 
practically  by  Laugieb's  experience  with  the  Gambey  Mural 
Circle. 

Several  observers  took  part  in  the  observations,  but  their 
■work  is  so  distributed  that  the  only  effect  of  any  syste- 
matic personal  differences  in  bisections  is  to  increase  the 
apparent  accidental  error.  Ultimately  I  intend  to  examine 
the  results  intimately  on  this  point,  but  for  the  present 
purpose  it  may  be  disregarded. 

A  topic  which  obviously  needs  critical  study  is  the  effect 
of  temperature  on  the  refraction.  We  have  little  informa- 
tion as  to  the  correctness  of  the  meteorological  instruments 
or  of  their  exposure.  The  readings  were  frequent,  and  the 
calculations  of  the  refraction  present  no  difficulty  on  that 
score.  The  difference  between  the  inner  and  outer  ther- 
mometers averaged  2°  F.,  or  less,  at  night,  but  frequently 
reached  4°  or  5°  near  noon.  In  order  to  be  as  nearly  as 
possible  independent  of  error  in  thermometer-exposure,  I 
have  made  a  determination  of  the  expansion-coefficient  from 
the  observations  themselves.  The  volumes  from  1825  to 
1835  were  searched  for  all  lower  culminations  near  the 
horizon,  and  from  this  material  were  selected  eight  stars 
observed  at  from  6°  to  17°  altitude,  with  variations  of  tem- 
perature ranging  from  22°  to  45°  (average,  32°) ;  the  total 
refractions  ranging  between  200"  and  500",  and  their  differ- 
ences due  to  temperature-variations  ranging  from  15"  to  45". 
These  data  are  practically  all  that  Pond's  observations 
afford  for  the  purpose,  and  seem  sufficient  to  establish  the 
coefficient  with  all  needful  precision,  and  to  exclude  sus- 
picion of  appreciable  error  of  this  sort  from  the  results  for 
aberration  and  latitude-variation  hereafter  deduced. 

The  following  table  gives  the  results  of  this  investiga- 
tion, the  details  of  which  it  is  needless  to  present  here. 
The  column  "e"  contains  the  values  of  the  atmospheric  ex- 
pansion-coefficient for  one  degree  Fahrenheit,  derived  by 
least-squares  for  the  several  stars.  The  columns  of  ob- 
served ranges  of  temperature  and  refraction  will  give  an 
idea  of  the  sufficiency  of  the  data.  The  weights  in  the  last 
column  are  the  coefficients  of  e  in  the  equat'ons  from  which  the 
corrections  to  the  several  declinations  have  been  eliminated. 

*  Or,  more  exactly,  what  load  is  not  borne  by  the  spindle  is  dis- 
tributed by  the  braces  among  four  spokes,  in  opposite  pairs,  near  the 
periphery. 


Star 


c 


Range  of 
Temp.     Refraction  Obs. 


Wt. 


aCygni,  83.7     32-54     502-479     110.003685       2406 

aAurigae,       82.6     19-64     445-405     10  3647  11403 

uPersei,  79.3     23-62     314-289       5  3532       2117 

1}  UrsaeMaj.,  78.8     21-48     287-271     41  3535       3642 

7  Draamis,       77.0     19-51     259-243     50  3795       4468 

§Draconis,      76.0     19-16     242-229     16  3390       1363 

y  UrsaeMaj.,  73.8     26-57     206-193     43  3779       1451 

aCassiopeae,   72.9     16-57     198-182     36  3786        1190 

Mean  value,  by  weights,    ....     0.003650  ±  27 
Comparing  with  the  standard  values, 


Bessel, 

G  VI. DEN, 

Rehnault, 


0.003644 

.003(589 

(i.i  ii  13665 


it  is  apparent  that  the  atmospheric  temperature  was  indi- 
cated by  the  thermometer  with  tolerable  correctness,  and 
that  the  Konigsberg  coefficient  represents  the  observed 
value  better  than  the  Pulkowa  one ;  thus  justifying  its  use 
in  the  reductions. 

We  may  further  infer  that  there  is  no  fear  of  syste- 
matic error  from  uncertainty  in  the  thermometer-coefficient, 
amounting  to  ±0".05  even  at  46°  zenith-distance,  corre- 
sponding to  the  southernmost  of  the  stars  used  in  the  lati- 
tude-variation and  aberration  discussions,  or  of  as  much  as 
±0".01  for  most  of  the  stars.  Further,  since  the  stars  are 
distributed  on  both  sides  of  the  zenith,  even  this  slight  pos- 
sible error  must  be  eliminated  from  the  mean  of  all.  Even 
if  there  exist,  as  has  been  suspected,  a  difference  in  the 
ratio  of  expansion  at  different  seasons,  it  will  be  similarly 
eliminated.  The  coefficient  of  the  annual  term  in  the 
variation  of  latitude,  as  well  as  the  aberration,  hereafter 
found,  are  consequently  beyond  suspicion  from  this  sort  of 
error.  Later  on  in  these  papers  a  further  and  more  direct 
demonstration  of  this  will  be  given,  by  a  determination  of 
these  quantities  separately  from  stars  north  and  south  of 
the  zenith. 

Naturally  the  constant  of  general  refraction  from  Pond's 
observations  has  no  interest  for  our  immediate  purpose. 
Nevertheless,  as  a  test  of  the  correctness  of  the  use  of 
Bess  el's  constant,  in  getting  absolute  declinations  from 
them,  I  add  the  values  of  the  latitude  found  by  combining 
these  lower-culmination  observations  with  those  at  upper 
culmination,  for  the  four  stars  for  which  I  have  the  data 
reduced. 


Star 


<P 


aCygni,  83.7  38.69 

aAurigae,  82.6  38.20 

y  Draconis,  77.0  38.48 

a  Cassiopeae,        72.9  38.53 

Mean  by  weights  38.49  ±  0".04 

Polaris,  38.42  (hereafter  found) 
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No  appreciable  correction  to  Bessel's  general  (•(instant  is 
therefore  required  by  Pond's  observations. 

Let  us  next  examine  the  question  of  accidental  errors, 
not  only  to  ascertain  the  quality  of  the  observations,  but 
also  to  fix  the  relative  weights  for  subsequently  combining 
the  different  stars.  This  examination  has  been  conducted 
in  two  ways.  First,  groups  were  taken,  in  the  observations 
1825-28,  each  containing  generally  from  20  to  ;;n  altitudes 
covering  intervals  of  two  or  three  months  near  the  points 
of  maximum  and  minimum  latitude,  as  indicated  by  the 
subsequent  investigation.  The  deviations  from  the  mean 
declination  of  each  group,  summed  without  regard  to  sign, 
give  the  probable  error  of  a  single  altitude  as  shown  in  the 
column  ;•  in  the  table,  by  the  formula, 

>■  —  0.8453  J^J- 
n — in 

These  values  are  nearly,  but  not  quite  free  from  the  latitude- 


variation.  But  this  method  is  open  to  the  objection  that 
it  does  not  represent  the  real  exactitude  of  the  observations, 
since  it  includes  one  element  namely,  the  accidental  error 
of  the  adopted  values  of  the  circle-differences  —  which  is 
practically  eliminated  from  the  mean  results,  as  I  have 
above  explained.  A  fairer  way  is  to  consider  the  probable 
error  of  an  altitude  found  by  combining  two  observations 
ot  it  made  with  the  instruments  alternated,  as  respects 
direct  and  reflected  vision,  on  successive  nights,  it  being 
assumed  that  no  change  took  place  in  either  instrument  in 
24  hours'  intervals.  Thus,  secondly,  means  were  taken  for 
all  the  independent  pairs  of  such  observations  (also  from 
1825  28),  that  could  be  found  for  each  star.  These  were 
then  corrected  for  variation  of  latitude,  according  to  the 
formula  hereafter  given,  and  the  probable  errors  were 
found  from  the  squared  deviations  from  the  mean  for  each 
star,  in  the  usual  manner.  These  are  given  in  the  second 
part  of  the  table,  in  the  column  »•'. 


Star 

C 

n 

m 

M 

r 

h' 

Ovj 

,., 

Star 

r 

n 

Mi 

W 

r 

n' 

[»'»'] 

r' 

11 

+  45.8 

77 

5 

4o"32 

it 

±0.47 

30 

2.60 

±0.20 

12 

+  23?1 

69 

3 

34.67 

±0."44 

36 

n 

6.92 

±0.30 

32 

45.5 

54 

3 

34.79 

.57 

15 

2.73 

.30 

1 

23.3 

55 

2 

25.53 

.41 

29 

6.55 

.33 

23 

44.5 

76 

3 

40.06 

.46 

35 

8.76 

.34 

8 

23.0 

58 

3 

27.57 

.42 

19 

4.59 

.34 

9 

44.1 

60 

3 

35.93 

.53 

21 

3.73 

.29 

10 

19.2 

71 

3 

35.78 

.45 

38 

4.45 

.23 

31 

43.1 

195 

4 

99.74 

.4  4 

100 

22.35 

.22 

27 

18.3 

92 

3 

42.52 

.41 

60 

7.60 

.24 

30 

41.3 

51 

3 

34.82 

.61 

18 

4.45 

.34 

26 

12.9 

86 

2 

47.07 

.47 

55 

7.39 

.25 

13 

38.7 

86 

3 

40.96 

.42 

26 

3.50 

.25 

33 

6.8 

246 

5 

118.07 

.41 

107 

15.50 

.26 

25 

38.8 

68 

3 

33.11 

.43 

52 

7.05 

.25 

7 

+   5.7 

66 

3 

33.43 

.45 

19 

2.24 

.24 

28 

37.9 

67 

3 

28.09 

.39 

42 

4.14 

.21 

3 

—    4.1 

52 

3 

33.35 

.57 

19 

4.30 

.33 

24 

36.9 

69 

3 

32.75 

.42 

45 

5.82 

.24 

17 

6.5 

46 

2 

21.62 

.41 

18 

2.88 

.28 

2 

37.3 

50 

3 

28.56 

.52 

11 

1.15 

.23 

34 

10.4 

94 

2 

59.17 

.54 

34 

5. 77 

.28 

36 

37.2 

83 

2 

46.07 

.48 

23 

2.55 

.23 

18 

13.7 

69 

3 

34.72 

.45 

25 

4.06 

.28 

6 

35.3 

73 

3 

44.25 

.53 

30 

5.46 

.29 

15 

11.2 

78 

3 

44.22 

.50 

27 

4.52 

.28 

19 

31.4 

99 

3 

49.37 

.43 

59 

11.99 

.31 

29 

15.9 

46 

3 

19.78 

.39 

30 

6.57 

.32 

14 

30.8 

73 

3 

36.52 

.44 

22 

2.16 

.22 

35 

18.3 

92 

2 

41.46 

.39 

32 

1.80 

.16 

16 

30.0 

71 

3 

35.74 

.44 

20 

1.16 

.17 

21 

23.3 

69 

2 

38.10 

.48 

32 

5.75 

.29 

5 

28.8 

65 

3 

44.86 

.61 

33 

6.06 

.29 

4U 

36.9 

144 

7 

70.12 

.43 

60 

13.37 

.32 

22 

24.2 

83 

3 

34.33 

.36 

45 

7.55 

.28 

4L 

—39.9 

130 

5 

53.47 

±0.36 

50 

6.96 

±0.25 

20 

+  23.7 

76 

3 

36.11 

±0.42 

31 

5.18 

±0.28 

Combining  the  above 

m  groups,  we 

have, 

Stars             J 

r 

r 

o 

a 

5          +44.6 

±0.480 

±0.305 

4             39.2 

.4  45 

.251 

4             36.7 

.485 

.255 

4             30.2 

.4  76 

.272 

5             23.5 

.409 

.300 

3             16.8 

.440 

.242 

4          +    0.5 

.440 

.267 

6         —15.5 

.464 

.273 

1         —38.4 

±0.400 

±0.292 

which  may  be  expressed 

approximately  by 

r-  —  0.436- 

+  0.170 

'tan2C 

/•'-=  0.2 

70a 

+  0.070 

;  tan-." 

From  the  zenithal  values 

we  get 

V0».486»— 

-[0 

.270']    = 

±0".210 

which  may  be  regarded  as  very  near  the  probable  error  due 

to  the  uncertainty  in  the  value  of  one-half  of  the  "circle- 
difference,"  or  the  difference  of  the  index-errors  of  the  two 
instruments,  in  the  observed  value  of  a  single  altitude 
The  remainder,  or 

V0".43G2  — 0".2102  =   ±0".382 
represents  the  probable  error  of  the  observation  itself. 

For  convenience,  I  add  the  following  table,  by  which  the 
above  values,  given  in  the  table  against  numbers  1  and  9, 
may  be  compared  with  others  which  may  be  fairly  regarded 
as  standards  of  the  best  work  at  different  epochs,  and  with 
different  classes  of  instruments.  The  juxtaposition  of  the 
last  two  values  —  headed  "Complete  Observation"  for  want 
of  abetter  phrase  —  seems  to  be  a  fair  one,  from  the  analogy 
subsisting  between  the  four  circum-meridian  altitudes.  Last 
and  West,  and  in  reversed  positions  of  the  Vertical  Circle, 
and  the  four  observations  with  the  Mural  Circles  —  namely. 
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two  with  each  circle,  direct  ami  reflected  —  practically  em-     of  a  zenith-distance  to  which  the  probable  error  in  each 
ployed  by  the  two  methods  for  the  complete  determination      case  refers. 


Instrument 

A  pert. 

(ire. 

r2 

SlNGl  1     I  >BSI  RVATION 

1    Mural  Circle,  Greenwich,  Troughton  &  Jones 

41" 

<;» 

0".436s  +0' 

'.17(1-  tan-  J 

"      Greenwich,  Troughton  &  Jones 

4 

6 

.3822 

(a) 

2       •■          •■      Paris.  Gambey 

— 

6.5 

.4D.T-  + 

.1282  tan2: 

3     Transit  circle.  Greenwich,  Troughton 

8 

6 

,«;is--  + 

.  165s  tan- '  1" 

4     Meridian  Circle,  Konigsberg,  Reichenbach 

4 

3 

.713- 

5            ••            ••       Konigsberg,  Repsold 

4 

3 

.464s 

fi             "              ••       Leyden,  Pistor  &  Martins 

6 

3 

.  159s  + 

.207a  tan-: 

(b) 

7            "            ••       Leipsicj     •• 

6 

3 

.432-  4- 

.218s  tan-  ,:-- 

10  i 

S     Vertical  Circle.  Pulkowa,  Ertel 

5.9 

3.6 

.3952 

(  lOMPUETE  <  (BSEKVATION 

9     Mural  <  lircle,  ( rreenwich,  Troughton  &  Jones 

4 

6 

.2702  + 

.(i7o-  tan-: 

10     Vertical  Circle,  Pulkowa,  Ertel 

5.9 

3.6 

0  .2202  +0 

.200a  tan-': 

NOTES. 


(e).  Eliminating  the  effect  of  Pond's  values  of  "Circle-differ- 
ences." 

(6).  Kaiser  found  0".382  and  C.384,  at  4°  and  16°  zenith-dis- 
tance, respectively,  from  observations  of  Valextixer  and  Kampf 
alone. 

Authorities:  1  and  9,  present  paper;  2,  Laugier,  A.  N.,  XLVT, 
la:  :  3,  Marth,  A.  X.,  LIII,  192  ;  4,  Bessel,  Konigs.,  Vol.  VII  : 
5,  Luther,  A.N.,   XLV,  309  ;      (j.  Becker,  Leyd.,  Vol.  II,  145; 

The  result,  then,  of  this  discussion  of  accidental  error  is 
to  show  that  Pond  attained,  with  these  instruments  and 
this  method,  a  degree  of  refinement  in  this  respect  which 
not  only  excels  that  of  any  similar  work  contemporaneous 
with  it.  but  which  has  been  scarcely  surpassed  anywhere, 
or  at  any  time.     In  the  subsequent  presentation  of  the  dis- 


7,  Em.ij.m ANN,  ihiil  ;    .s  and    10,  deduce  1   from   NykEX's  data,    l'ul- 

kowa,  Vol.  XIV,  (30),  (34). 

The  values  found  from  observations  by  a  single  observer  are  : 

2,  Laugter  ;  4  and  5,  Bessel  ;  7.  Engelmann  :  8  and  10,  Ntren 

and  Gyldex  separately.     The  others  (1,  3,  0,  9),  were  found  from  the 

mixed  observations  of  several  observers,  and  hence  involve  the  effect 

of  personal  differences. 


cussion  of  the  astronomical  constants  —  including  those  of 
the  variation  of  latitude,  the  aberration  and  the  nutation,  as 
well  as  stellar  parallaxes  aud  declinations  —  deduced  from 
this  work,  the  probable  freedom  of  these  mural  circles 
from  systematic  error  will  appear  in  an  equally  favorable 
light. 


OBSERVATIONS   OF   VARIABLE   STARS. 

By  J.  A.  PARKHUHST. 


These  notes  form  a  continuation  of  the  paper  published 
in  No.  310.  The  observations  were  made  with  a  6.2-inch 
reflector. 

678,      U fersi  L 

Thirty-five  observations  from  1893  Aug.  7  to  1894  Feb.  5, 
yield  a  well-defined  minimum  <  12"  1893  Nov.  15.  The 
Light-curve  is  smooth,  the  increase  a  little  quicker  than  the 
decrease. 

1623.     T  ( 'arm  lopardalis. 

This  star  was  nearly  stationary  from  1893  ( >ct.  3  to  Nov. 
17  at  8".5.  It  then  rose  quickly  to  a  maximum  of  7".0 
1894  Jan.  3,  followed  by  a  secondary  maximum  equally 
bright  -Tan.  29,  and-a  third  of  8".0  Feb.  19.  I  have  25  ob- 
servations from  1893  Sept.  13  to  1894  Mar.  6. 

281 5.      U  Geminorum. 

My  observation  of  1893  Dec.  3  showed  that  this  star  was 


<12M ;  one  by  Mr.  Yexdell  Dec.  4  showed  it  to  be  <11", 
Dec.  6.9  it  was  9M.2.  Ten  observations  from  Dec.  6  to  21, 
indicate  a  maximum  of  9M.2  about  Dec.  8.0.  On  Dec.  21  it 
had  fallen  to  <12M. 

3825.     B  Ursae  Majoris. 
A  maximum  of  7M.5  1893  Oct.  14  is  shown  by  29  obser- 
vations, extending  from  1893  July  10  to  1894  Feb.  5. 

4511.     T  Ursae  Majoris. 
This  star  passed  a  maximum  of  7".6  1893  Dec.  29.     I 
have  23  observations  from  1893  Oct.  9  to  1894  March  6. 

4557.     S  Ursae  Majoris. 
Between  1893  Oct.  7  and  1894  March  6  I  have  25  obser- 
vations   of  this    star,    yielding   a  maximum  of  7*.8    1893 
Dec.  14. 
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5338.      UBootis. 
I  observed  this  star  16  times  from  1893  Oct.  9  to  1894 
Jan.  16.     A  minimum  <12M  is  clearly  indicated  for  1893 
Dec.  12.     This  would  give  a  correction  of  +49  days  to  bhe 
elements  given  by  Chandler  in  his  Second  Catalogue. 

8116.      WCephei. 

Twenty-eight  observations  from  1894  Jan.  8  to  March  2 
yield  three  well-defined  maxima  Jan.  ll>.  24,  and  Feb.  22, 
besides  three  less  certainly  Feb.  I,  15,  and  March  1.     Com- 

Marengo,  III..  L894  March  7. 


billing  the  last  with  Yknukli.'s  first  maximum.  1893  Nov. 
22.0  (A.J.,  no.  310)  gives  a  period  of  7d.2.  The  maxima 
were  7s'.."i ;  the  least  observed  Light  was  8M.0. 

DM.  58°2560  (Cassiopea). 

a  =  23h  5'"  27%  &  —  +58°  53'.8  (1s:,:,). 
This  new  variable  discovered  by  Anderson  (Astr.  Naehr., 
3205),  ami  confirmed  by  Hartwig  (A.N., 3211),  has  been 
under  observation  since  1894  Jan.  18.  When  first  seen  it 
was  >  10".  It  has  gradually  declined  till  March  6,  when  it 
was  <12M. 


OBSERVATION   OF  A  MAXIMUM   OF   1805  V ORIONIS. 

[  From  a  Letter  of  Dr.  L.  de  Bali,  to  the  Editor.] 


I  permit  myself  to  mention  some  observations  of  the 
variable  1805  V Ononis,  which,  judging  from  the  communi- 
cation published  in  no.  310  of  the  Astronomical  Journal, 
may  be  of  interest. 

This  star  I  compared,  at  Liege,  with  a  series  of  neighbor- 
ing stars,  from  1890  Dec.  8  to  1891  April  9.  using  the  ten- 
inch  refractor.  The  days  of  observation  were  1S90  Dee.  8, 
11,  29,  30,  ::i  ;  1891  dan.  2,  25,  30  ;  Feb.  7.  13,  21,  22.  24. 
26;  Mar.  22,  L':i,  Ml  ;  Apr.  9.  The  places  of  the  variable, 
ami  of  those  comparison-stars  which  serve  for  the  determi- 
nation   of   the    maximum,   are    for    the    mean    equinox  of 


1875.0: 

Albany 

Magn. 

Adopted 
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i  lata. 
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S 

Magn. 
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1566 

s.9 

li         rn         s 

4  59     0.8 

+  3  59.8 
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(9..i.) 
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_ 

_ 

4  59  28.3 

+  3  55.8 

h 

1572 

8.6 

4  59  51.9 

+  3  51.2 

8.7 

L 

1591) 

8.6 

5     2  52.4 

+  2  56.7 

8.5 

Jan.  25  to  Feb.  26,  /».  b  and  /.  were  employed  as  compari- 
son-stars ;  at  the  next  observation,  on  March  22,  V  had 
already  become  so  much  fainter  that  it  was  requisite  to  use 
other  stars  than  the  three  last  mentioned,  for  the  comparisons. 
<  >n  .March  31  the  variable  was  still  brighter  than  a  by  two 
steps;  but,  on  April  9,  it  was  one  step  fainter  than  a. 
Making  use  of  the  adopted  magnitudes  of  the  comparison- 
stars  and  of  0M.07  as  the  value  for  one  step,  we  obtain  from 
the  comparison  of  V Ononis  with  m,  b  and  L  the  following 
magnitudes  of  the  variable  near  the  time  of  the  maximum. 


On  Dec.  8  and  11.    V Orionis  was  connected  by  estimates 

of  steps  with  stars  not  cited  here,  and  estimated  as  fainter 

than  "    by  half  a  magnitude.       From  Dec.  29  till  Jan.  2, 

('  Orionis  ami  '/  appeared  to  be  of  equal  magnitude.     From 

I'm!  Kuffner  Observatory,  Vienna,  1894  Feb.  16. 


V 

Orionis 

Comp   Stars 

891  Jan. 

25 

S.75 

h.  in 

30 

S.7 

h,   in 

Feb. 

7 

8.6 

b,  in 

13 

S.5 

b 

21 

8.6 

h.  in,  L 

22 

8.6 

h,   ill,  L 

24 

8.65 

li,  iii,  L 

26 

8.6 

h,  ill,   L 

From  the  total  of  these  observations,  it  results  that  a 
maximum  of  V Orionis  occurred  near  the  middle  of  Febru- 
ary. 1891. 


VARIABLES   OF 

By  A.   W. 
Argentine  Zone-Catalogue,  X,  2067. 

Ii.A.  =  M'  28m  29",     Decl.  =  —57°  51'  15"     (1875). 
The  observations  of  this  star  extend  from  the  first  of 
June    1893   to   the   present  time,   and   yield   the    following 
elements  : 


Period, 

Rise  to  maximum. 
Maximum  epoch, 
Limits  of  variation, 


3.637  days. 
0.92  days. 
1894  Feb.  9.2 
7".8  to  8M.6 


In  .the  Zone-Catalogue  the  magnitude  is  given  as  8j. 
Lovedale,  Alice,  South  Africa,  1894  Feb.  9. 


SHORT   PERIOD, 

ROBERTS. 

Argentine  Zone-Catalogue,  XV.  3946. 
R.A.  =  15h  50'"  13',     Decl.  =  —62°  34'  o"     (1875). 

The  observations  of  this  star  extend  from  July  1893  to 
the  present  time,  and  yield  the  following  elements  : 


Period, 

Ascending  period, 
Epoch  of  maximum, 

Limits  of  variation. 


2.546  days. 
0.76  da\  s. 

1894  Feb.  7.7. 
7M.7  to  8  \7. 


In  the  Zone-Catalogue  the  magnitude  is  given  as  8M.0. 
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NEW    ASTRONOMICAL    WORK. 


Tobias 41  \\i  b's  SternverzeichnUs nach  den  Beobachtungen  at 
Gottinger  Sternwartt    in  den  Jahren  1756  Ms  1760,  next  bearbeitet 
son  A i; i  in  R  Ai  \\  ers.     Leipsic,  L894. 

Of  the  three  great  practical  astronomers  who,  near  the  middle  of 
the  last  century,  undertook  the  task  of  determining  the  positions  of 
planets  and  stars  with  a  degree  of  precision  vasth  greater  than  that 
which  had  hitherto  been  attempted,  Bradley  ranks  easily  first. 
Nevertheless,  the  comparative  inattention  with  which  astronomers 
for  more  than  a  century  regarded  the  lahors  of  L.\(  'aii.i.i  .  at  the 
Cape  of  Good  Hope,  upon  the  principal  southern  stars,  and  of  Tobias 
Mayer,  at  Gottingen,  upon  the  Zodiacal  stars,  appears  inexplicable. 
Less  than  twenty  years  ago  Dr.  Powalky  rescued LaCaille's fun- 
damental-star observations  from  the  prolonged  neglect  which  they 
had  suffered.  The  present  work  by  Db.  Atjwers  demonstrates  for 
the  first  time  the  real  value  of  the  meridian  observations  made  by 
Tobias  Mayer. 

These  observations,  with  appliances  inferior  to  those  enjoyed  by 
Bradley,  were  begun  contemporaneously  with  the  outbreak  of  the 
Seven  Years  war.  The  quartering  of  a  hostile  garrison  in  Gottingen 
(the  lower  part  of  his  observatory  was  used  by  the  enemy  for  a  powder 
magazine)  brought  many  evils  in  its  train  for  Mayeb,  over  and  above 
the  disturbance  of  mind  inseparable  from  existence  in  turbulent 
times. 

In  his  exhaustive  reduction  of  these  observations,  Dr.  Auwebs 
presents  a  catalogue  containing  the  positions  of  1027  stars,  and  the 
results  of  47  planetary  observations,  of  which  several  are  incomplete. 
Of  these  stars.  345  do  not  occur  in  the  catalogue  of  Bradley,  and 
there  are  45  others  for  which  Bradley's  observations  are  defective. 

In  Mayer's  observations,  both  right-ascension  and  declination 
were  obtained  by  the  use  of  the  quadrant.  Dr.  Auwers  finds  it 
necessary  to  treat  this  series  in  a  differential  way,  and  employs  the 
new  Bradley  catalogue  as  standard,  using  in  right-ascension  574 
stars  and  in  declination  559  stars,  observed  by  Bradley  four  and 
three  times  at  least  respectively.  By  means  of  repeated  and  most 
thorough  computations  and  comparisons  he  has  obtained  instrumen- 
tal constants  and  corrections  for  Mayer's  quadrant,  the  application 
of  which  results  in  star-positions  which  are  systematically  homogen- 
eous with  those  of  Auwers' s  Bradley".     Incidentally  he  notes  that 


M  w  i  r's  surmises  in  respect  to  the  deformation  of  the  plane  "f  his 
quadrant  appear  to  I"-  well  grounded. 

The  resulting  catalogue  is  constructed  for  the  '■] h  1755.     For 

the  stars  nol  well  determined  by  Bradley,  special  evaluations  of  the 
proper  motion  for  each  star  are  set  forth  in  sufficient  detail.  For 
this  purpose,  comparison  is  made  chiefly  with  the  catalogues  of  Zach, 
Piazzi,  Taylor,  Konigsberg  zodiacal  stars,  and  of  observations 
at  Gotha  made  especially  for  this  purpose.  In  many  instances  the 
discussion  is  still  more  complete.  The  catalogue  also  contains  num- 
erous references  to  other  catalogues,  and  exhibits  comparisons  with 
Bradley,  and  with  Baily's  edition  of  Mayer's  catalogue.  The 
agreement  with  BRADLEY  seems  surprisingly  good;  and  Dr.  At  WEBS 
has  otherwise  shown  that,  in  the  differential  sense,  the  right-as.  eli- 
sions determined  by  Mayeb  are  quite  comparable  in  precision  with 
those  by  Bradley,  while  the  declinations  are  not  materially  inferior. 
As  might  have  been  expected,  the  discordances  from  B ally's  edition 
of  Mayeb's  catalogue  are  large,  both  in  the  systematic  and  in  the 
differential  sense.  The  systematic  deviations  exceed  7"  in  places, 
and  those  of  an  accidental  nature  are  often  much  greater. 

Unfortunately,  the  record  of  Mayer's  zenith-distance  observations 
for  the  period  from  Feb.  S  to  May  21,  1856  (except  for  28  observations 
in  February)  is  lost.  This  loss  affects  the  reduction  in  declination 
for  454  stars;  and  of  these,  the  declinations  of  2'22  stars  would  have 
been  entirely  wanting,  had  the  construction  of  the  catalogue  been 
made  dependent  on  the  existing  record  alone.  Accordingly.  Dr. 
Auwers  has  determined  the  corrections  necessary  to  reduce  the 
declinations  given  in  Baily's  Mayer  to  systematic  conformity  with 
his  own  results,  and  has  then  transferred  these  corrected  declinations 
to  the  present  catalogue,  .wherever  such  a  course  became  necessary 
to  supply  an  unavoidable  deficiency. 

By  this  work.  Db.  Attwebs  has  laid  the  world  under  new  obliga- 
tions, not  only  for  the  very  great  value  of  virtually  new  material  for 
investigation  which  he  has  produced,  but  also  for  calling  renewed 
attention  to  the  profound  merits  of  a  great  astronomer,  who,  although 
he  suffered  much  in  his  later  years,  and  was  cut  off  at  an  age  when 
most  men  are  becoming  fairly  launched  in  professional  life,  yet  ac- 
complished a  vast  and  varied  amount  of  most  important  work  with 
a  high  degree  of  foresight  and  ripe  intelligence. 


NEW   ASTEROIDS. 

Prof.  Krueger  communicates  the  photographic  discovery  of  one  by  Coubty  at  Bordeaux,  Feb.  11,  and  two  by  Wolf 
at  Heidelberg,  March  1. 


AV    11 M     Feb.  11  10  47.5  Bordeaux  M.T.     a 
AX      8M     Mar.    1     9  40.0  Heidelberg  M.T. 
A  Y    12M     Mar.   1     9  40.0  « 


=  9  58  24, 
11  4  36, 
11  14    0, 


6  =  +22  24; 
+  6  59; 
+   4    8; 


Daily  motion,  — 58s  in  «,  and  4'  northward. 
'■         — 76"  in  <>.  and  0  in  decl. 
"  "        — 48s  in  a,  and  8'  northward. 


The  planet  12M  found  by  Dr.  Wilson  on  his  photograph  of  Jan.  30  is  provisionally  designated  as  A  W. 


COREIGENDUM. 
Vol.  XII.  p.  195,  col.  1,  Max.  of  7085  RT  Oygni,    for     Nov.  3,    put    Dec.  8. 


CONTEXTS. 

Ox  Pond's  Double-Altitude  Observations,  1825-35,  by  Db.  S.  C.  Chandler. 

Observations  of  Variable  Stars,  by  Mb.  .1.  A.  Pabkhtjbst. 

Observation  of  a  Maximum  of  1805   FObionis,  by  Dr.  L.  de  Ball. 

Variables  of  Short  Period.  i;y  Mi:.  A.  W.  Roberts. 

Xew  Astronomical  Wobk. 

New  Asteroids. 

Corrigendum. 
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MEASURES   OF   THE   POSITION   OF   THE    SATELLITE   OF   NEPTUNE,  1893-4, 

MADR   WITH    THE    36-INCB    EQT  iTORIAX    OF    THE    LICK    OBSERVATORY, 

1!\    E.  E.  BARNARD. 
The  following  measures  of  the  satellite  of  Neptune  are  a 


continuation  of  those  printed  in  A.J.,  290. 

Like  the  previous  measures,  they  are  in  Standard   Pacific 
Time,  which  is  eight  hours  slow  of  Greenwich. 

I  li  eaeli  ease  the    position-angle    lias    been    measured  first. 

the  wires  then  set  perpendicular  to  the  line  between  the 
satellite  and  Neptune  by  the  aid  of  the  position-circle  (] 
Lave  given  the  reading  of  the  circle  for  this  setting  in  each 
ease),  ami  the  distance  then  measured, 


1893  November  1: 


11  13  28 

14  11  50 

1  1    16  21 

1117  58 


14  20  55 
14  22  20 
11  23  48 


11  24    19 
14  25  53 

14  26  .-.ii 


Circle 

o 

271.0 
271.3 
271.5 
271.5 


P.A. 

O 

70.2 
70.5 

70.7 

70.7 


Parallel  =  290°.8 


Distance  from  Center  of  Neptune. 


28.306 
28.334 
28.335 


16.90 
16.63 
16.62 


Threads  interchanged. 


31.71  I 
31.726 
31.695 


16.84 

16.96 

16.00 


( ioincidence  of  threads 
=  30'.013 


Setting  of  position  circle  for  distances  =361c 


1 893  Noui  mber  1  ■'!. 


14  11  35 

14  14  50 

14  16  14 

14  17  25 


1  1  20  15 

14  21  27 

14  22  35 

1  I  23  50 


Circle 

23l!6 
231.6 
230.0 
230.7 


P.A. 

:;n.'.i 
30.9 
29.3 
30.0 


Parallel  =  290° 


Distance  from  Center  of  Neptune. 


31.204 
31.270 
31.261 
31.234 


12.38 
13.03 
L2.96 
12.68 


Threads  interchanged. 
Circle  P.A. 


1 1  25  23 

28.632 

13.09 

Coincidence  of  threads 

1  1  26  15 

28.642 

12.99 

=  29r.954 

14  26  59 

28.655 

12.87 

1  1  28  23 

28.657 

12.85 

Setting  of  position-circle  for  distances  =  321°. 0. 

1893  December  3. 

Circle           P.A. 

h     in 

O                                          0 

9   is  35 

68.0 

239.8 

Parallel  =  98°.2 

9  50  40 

68.2 

240.0 

9  .".I   50 

67.8 

239.6 

9  53  30 

68.5 

240.3 

Distance  from  Center  of  Neptmu 

9  55  55 

18.930 

16.53 

9  56  55 

18.919 

16.64 

9  58  Hi 

18.935 

16.48 

Threads  interchanged. 

'.i  59  42 

22.275 

10.60        Coincidence  of  threads 

in     (i  52 

22.275 

16.60             =  20r.599 

in     2  15 

22.311 

16.95 

Setting  of  position-circle  for  distances  =  158  .0 


1893  Decemh  -■  lo. 


Circle 

P.A. 

Il      III      I 

o                             o 

10  26     0 

10.5 

181.0         Parallel  =  270  ... 

10  27  20 

8.8 

170.:; 

10  29     0 

11.3 

181.8 

10  30  20 

9.8 

lso.:j 

Angles  n 

)or. 

Distance  from  Center  of  Neptum  . 

in  35  25 

21.695         10.86 

in  36  17 

21.071          10.63 

10  37     5 

21.0M          lo.7ii 

Threads  interchanged. 

ll               Ml                1 

r                                  » 

lo  37  50 

19.480 

11  07 

Coincidence  of  thr< 

lo  38  40 

19.533 

10.55 

=  20  .598 

lo  39  20 

19.564 

10.24 

Setting  of  position-circle  for  distances  =  23  .0. 


cm 
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A  faint  star  15"  was  observed  near  Veptune  on  this  date. 


10  8    17 

|(i   16     (i 

11  23  5(1 


in  L'o  50 

10  22  20 

11  28  10 
11   33  0 


( lircle 

293^2 
293.7 
297.5 


P.  \. 

283?7 
284.2 
288.0 


(uncertain) 

Distance  from  <  'enter  of  Ni  ptum 
22.821 


22.958 

22.1  10 

22.395 


22.01 
23.37 

15.27 
17.80 


Verj  difficult. 


1  89  1  January  7. 


1()  29  5 
in  ;;i  5 
10  32  30 
lo  33  35 


lo  38  30 
10  39  lo 
10  4o  55 


<  ircle 

O 

23.2 

22.  S 
22.4 
22,1 


P.  A. 

25o!o 
249.6 
249.2 
249.2 


Parallel  =  43°.2 


Distance  from  Center  of  Neptuni . 


23  21 " 
23.164 
23.210 


17.32 
16.84 

17.30 


Threads  interchanged. 

19.782         16.65       Coincidence  of  threads 
19.713         17.33  =  21r.463 

19.855         15.92 

Setting  of  position-circle  for  distances  =  292°.5. 

Satellite  very  faint  and  difficult.     Frost  on  object  glass. 


10  42  4 
10  43  10 
lo  44  25 


1894  January  10. 


8  54  24 
8  55  47 
8  57  2 
8  57  47 


8  59  57 

9  1  2 
9  1  57 


Circle 

P.A. 

23.2 
22.4 
23.2 
24.0 

70.1      ,  Parallel 

69.3) 

70.1 

70.9 

Distance  f 

rom  Center  of  yep  tunc 

19.825 

19.817 
1 '.1.793 

16.4S 
16.56 
16.80 

43°.  1 


Threads  interchanged. 


•1   ■>, 


■> 

4  6 

5  17 


23.119 

23.165 
23.170 


16.14 

16.60 
16.65 


Coincidence  of  threads 
=  21  .489 


Setting  of  position-circle  for  distances  =  1 13  .0. 
1894  January  21. 


lo   17  56 

Circle 

7(T8 

P.A. 
102°.0 

Parallel  : 

10  20  41 

70.8 

102.0 

L0  21    11 

70.2 

101.4 

in  22  36 

70.1          101.3 

ll            1M            S 

10  24   36 

Distance  from  Center  of  Nepturn  . 
22.730           12.2S 

lu  26  11 

22.755           12.53 

lo  26  r,t\ 

22.724 

12.22 

Threads  interchanged. 
Circle  P.A. 


lo  27    16 

20.226 

L2.52 

10  28  51 

20.164 

13.13 

10   I'll    II 

20.304 

11.75 

( loincidence  oi  threads 
=  21r.  190 


Setting  of  position-circle  for  distances  =  1  <  >'i° 


1894  January  22. 


Circle 


P.A. 


8  26  lo 

210.1 

61.2 

Parallel  =  58  .9 

8  27  40 

210.1 

61.2 

8  30  25 

210.2 

61.3 

8  31  35 

209.8 

60.9 

Distance  from  Center  of  Neptune. 

h         tn         a 

8  33  15 

19.819 

16.61 

8  34  35 

19.806 

16.75 

8  35  30 

19.769 

17.11 

Threads  interchanged. 

li        m        s 

8  36  25 

23.1X7 

16.i  4       Coincidence  of  th 

cails 

8  37  25 

23.149 

16.36 

=  2P.497 

8  36  35 

23.268 

17.54 

Setting  of  position-circle  for  distances  =  120°. 0. 


1894  January  28. 


Circle 


P.A. 


li       in       s 

7  15  30 

208.4 

59.1 

Parallel  =  239°.3 

7  17  20 

207.7 

5S.4 

7  18  58 

20S.5 

59.2 

7  20  15 

207.8 

5S.5 

Distance  from  Center  of  Neptune. 

li        in          s 

7  23  26 

19.856          16.32 

Coincidence'of  threads 

7  24  23 

19.797 

16.90 

=  21r.504 

7  26     0 

19.845 

16.43 

Threads  interchanged. 

ll           111            s 

7  27   15 

23.!  157 

16.37 

7  28  25 

23.185 

16.65 

7  29  33 

23.187 

16.67 

Setting  of  position-circle  for  distances  =  298°. 0. 

A  very  faint  star,  Ki4M,  near  Neptune. 
Circle  P.A. 


h   in 

7  57 
7  59 


ll    111 

8  3 


35 
10 


7  42  40 

7  43  50 

7  44  25 

7  45  40 


120.2    330.9 
120.2    330.9 

Distance  from  Center  of  Neptune. 

lSJOl      j      33.70 
18.131  33.40 

1894  February  26. 
Circle  P.A. 

83/7  7l!l        Parallel  =  102°.  6 


84.1 

71.5 

84.2 

71.6 

S4.0 

71.4 

N°-  314. 
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Distance  from  Center  of  Neptum  . 

Threads  interchanged. 

Circle               I'.  A. 

Circle              P. A. 

h       in       a 

r 

h        in         8                     r                                  H 

7    17  25 

33.148 

15.  SI 

7  51     0 

29.941 

15.91 

i  loincidence  of  threads 

7  49     5 

33.153 

L5.89 

7  51   45 

29.1151 

15.S2 

=  31r.548 

7    19  50 

33.168 

16.04 

8     ii  50 

29.932 

16.00 

Selling  of  positio 

a-circle  for  distances  =  174°.0. 

MAXIMA   AND   MINIMA    OF   SILORT-PKKIOD   VARIABLES,  OBSERVED    IX    L893, 


these    an'    deduced   the 


By  PAUL  S. 
6368.     X  Sagittarii. 

From  ISO.'!  May  Ii  to  Sc j >t.  20,  my  observations  of  X  Sagit 
tarii  number  twenty-nine.       From 
following  maxima  and  minima. 

Maxima 

«■                     1893  w 

1             Aug.    7.89  2 

I                      15.40  1 

1  29.48  2 

2  Sept.    6.32       1 


VEN1IEI.1.. 


L893 

May  17.21 
28.20 

July  4.40 
lo.so 
17.77 

Aug.    2.41 


1 2.58 

19.98 


Minima 

1893 
May    7.02 
June  10.41 

Sept.  2.S4 
10.51 
17.07 


0472.      W  Sagittarii. 
1  have  thirty-five  observations  of  W Sagittarii, from  L893 
Maj  6  to  Sept.  20;  these  indicate  maxima  and  minima  as 
follows  : 


J 

[AXIM  A 

Minima 

L893 

w 

1893 

w 

L893 

w 

May  18.10 

1 

Aug.    8.40 

3 

May    0.52 

1 

24.20 

1 

15.8S 

1 

July  11.25 

2 

July    1.09 

•< 

80.10 

•> 

20.80 

3 

8.40 

3 

Sept.    0.70 

3 

Aug.    5.40 

2 

10. 00 

8 

1  l.s; 

0 

Sept.    4.50 

2 

28.79 

1 

11.00 

3 

6573.      )  Sagittarii. 
I    have   thirty-nine   observations  of  this  star,  from  189.') 
May  ii  to  Sept.  28,  from   which  are  deduced  the  following 
maxima  and  minima : 


Maxima 


1803 

Ma\  4.0,2 
9.90 

15. OS 
June  30.84 
July    6.86 

12.97 


Is'.':; 

Aug.    4.70 
10.81 

15.75 

Sept.    1.78. 

S.27 

L3.83 


Mitn  m  a 
1893 
July    4.40 

10.50 
10.10 

Aug.    2.85 

s.oo 

13.40 

Sept.  6.30 
12.20 
2S.35 


0080.      I   Sagittarii. 

1  have  observed  this  star  thirty-one  times  during  the 
season,  from  L893  May  0  to  (let.  12;  the  maxima  and  mini- 
ma deduced  from  these  observations  are  as  follows  ; 

Dorchester,  .!/".«..  L894  March  8. 


1893 
May  3.90 
17.42 
July  10.41 
Aug.  13.83 
Sept.    2.70 


Maxima 
w 

1 
1 
1 
o 


Minim  \ 


1893 

Sept.  9.  IS 
15, IS 
21.00 

5.92 

12.07 

00SI. 


Oct. 


1893 
June  10.44 

duly  0.0S 
14.77 
21.00 

Aug.      2.S2 


1893 

\nj;.     9.S0 
29.85 
6.32 
13.1  I 

0.91 


Sept 
(let. 


V  Aquilae. 

From  1898  May  18  to  Oct.  14  I  have  thirty-two  observa- 
tions of  V Aquilae,  which  indicate  the  following  times  of 
maxima  and  minima  : 


Maxima 

Minima 

1893 

\v 

1893 

\v 

1893 

w 

July  12.15 

8 

Aug.  80.14 

4 

July  16.91 

1 

19.50 

2 

Sept.     0.57 

3 

Aug.  18.  si 

1 

Aug.   s.os 

8 

20.10 

1 

Sept.    1.71 

1 

10.27 

1 

(let.     11.02 

4 

10. in 

1 

7  Is;;.      T  Vulpeculae. 

This  star 

has 

been  followed  from  1893  April  28  to  N 

IV. 

11.  the  observations   numbering  sixty-f) 

?e  in  all.      Maxima 

and  minima 

are 

indicated  as  follow 

s  : 

Maxima 

Minim  \ 

1893 

w 

1893 

w 

1893 

w 

Apr.  22.71 

1 

Aug.  11.17 

2 

Ma\     S.07 

1 

May    6.29 

1 

15.98 

1 

June  4. 18 

1 

19.48 

o 

20.01 

1 

8O.S0 

2 

28.05 

1 

20.33 

1 

July  19.40 

1 

June   1.09 

1 

Sept.     8.01 

3 

'  28.80 

1 

10.12 

1 

7.28 

1 

Aug.    5.12 

1 

duly    2.85 

1 

11.98 

3 

Sept.   0.8,2 

1 

7.2S 

1 

16.31 

1 

2S.85 

1 

10.8.8 

1 

20.81 

1 

Oct.   11.49 

2 

2U.I0 

o 

(let.     4.70 

1 

10.97 

1 

24.82 

1 

13.10 

2 

20.88 

1 

20.50 

1 

17.15 

" 

Nov.  11.25 

1 

Aug.    2.82 

•> 

21.31 

1 

The  above  times  of  maxima  and  minima  were  mostly  ob- 
tained by  the  use  of  mean  light-curves  formed  from  ray  own 
observations.  The  weights  assigned  indicate  the  number 
of  observations  from  which  each  date  is  deduced;  and  no 
distinction  has  been  made  of  the  few  cases  where  the  phase 
was  sharply  indicated  by  the  single  curves. 

The  time  used  is.  as  usual,  the  local  mean  time. 

The  season's  observations  of  71  19  S Sagittae,  6758  flLyrue, 
7  187  XCygni,  and  8073  8  Ceplwl.  are  reserved  for  future 
publication. 
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NOTES  OX    VARIABLE   STARS.  — No. 

Bi    HENRY  M.  PARKHURST. 

I;  ES  t    I.  rs      ii|-      OBSE  i;  \  A  flu.vs. 


Observed  Date 

N... 

Star 

Phase 

E 

Corr. 

Remabks 

Julian 

Calendar  18»8,  l 

7795 

RVCijgm 

Min. 

2467 

Jan. 

:» 

.. 

Max. 

2781 

Nov. 

L3 

— 

— 

.. 

.. 

Max. 

2829 

Dec. 

.",1 

— 

- 

.. 

.. 

Mill. 

2855 

Jan. 

26 

- 

- 

I  rregular  fluctuations 

7907 

V  Aquarii 

Max. 

2808 

Dec. 

in 

26 

—  .7 

Another  maximum  two  months  earlier 

8068 

S  Lacertae 

Max 

2853 

Jan. 

24 

.   — 

- 

Period  probably  14'.'  days 

8153 

li  Lacertae 

Max. 

27  is 

Oct. 

11 

13 

—  6 

Possibly  a  little  earlier 

8230 

SAquarii 

Max. 

2704 

A.ug. 

28 

II 

+  2 

8373 

SPegasi 

Min. 

2852 : 

Jan. 

23 

34 

— 

Rough  estimate  ;  probably  not  earlier 

8512 

R  Aquarii 

Min. 

2835 

Jan. 

6 

78 

_ 

Corresponds  with  M —  m  =  IT'.i 

8597 

1  ■  <  'eti 

Max. 

2810 

Dec. 

12 

20 

ii 

8600 

J!  Cassiopeae 

Min. 

2837 

Jan. 

8 

34 

+  3 

114 

SCeti 

Max. 

2838 

Jan. 

9 

24 

—21 

513 

/,'  Piscium 

Max. 

2911 

Mar. 

23 

29 

0: 

Prediction:  lost  in  the  twilight 

715 

SArietis 

Max. 

2752 

Oct. 

15 

27 

—  4 

U 

Max. 

2752 

Oct. 

15 

27 

-  1 

Derived  from  the  following  elements,  in 
two  inconsistent  obs.  long  prior  to  the 
rejected  :     04872  +  202. 4  E  +  2(H  sin!  18 

which  the 
epoch  are 
E  4-  195°) 

806 

o  <  'eti 

Min. 

2765 

Oct 

28 

.'id 

0: 

Prediction:  probably  not  much  later 

it 

'< 

Max. 

2904 

Mar. 

16 

30 

+  27 

Possibly  still  later 

845 

//  ( 'eti 

Min. 

2821  : 

Dec. 

23 

59 

4-10 

Invisible  for  72  days 

M 

a 

Max. 

2886 

Feb. 

26 

59 

+  5 

'.Mir, 

R  Trid nijuli 

Min. 

2846 

Jan. 

17 

5 

+  14 

1113 

UArietis 

Max. 

2791 

Nov. 

23 

- 

- 

Period  probably  a  little  over  a  year 

Individual  Observations. 


7 

■95  IH'C 

/.'/'"' 

79( 

7    U  Aquarii. 

8153   R  Lacertae 

8512    B  Aquarii 

—  Cont. 

114   SCeti— 

Cont. 

Julian 

Calendar 

Mag. 

Julian 

Calendar 

Mag. 

Julian    Calendar      Mag. 

Julian     Calendar 

Mag. 

Julian    Calendar 

Mag. 

d 

1892-4 

d 

1898,  4 

il            !>'.':.  4 

d          1893,  4 

d          1893,  4 

2453 

Dec.  I'd 

8.6 

2744 

<  >ct.     7 

10.4 

2744     Oct      7       9.7 

2779     Nov.ll 

10.21., 

2810       Dec.    11' 

8.6 

2471 

Jan.     7 

9.1 

2746 

9 

10.54., 

2747              10       9.552 

2804     Dec.    6 

10.77., 

282 1                23 

8.20. 

2480 

16 

8.5 

2768 

ox 

10.95. 

2754              17       9.SS, 

2818             20 

11.00, 

2846     Jan.  17 

6.81. 

2490 

26 

8.5 

2778 

Nov.  in 

11.09; 

2767             30       9.782 

2823             25 

11.95., 

2851              22 

7.77, 

2498 

Feb.    3 

8.5 

2798 

30 

ll.n 

2777     Nov.    9     10.11.; 

2830     Jan.    1 

11.55, 

2854              25 

7.93.; 

2739 

Oct.     2 

8.6 

281 15 

Dec.     7 

lu.4 

" 

2837               8 

11.9.7., 

2865     Feb.     5 

8.42. 

2717 

10 

8.39, 

2810 

12 

10.6 

8230  SAquarii 

2S.74              25 

11.24, 

2755 

18 

S.C.I 

2822 

24 

10.9 

2094     An-.  18       8.2 

_ 

513  R  Piscium 

2762 

25 

8.32s 

2007               21        8.00., 

8597   V  Ceti 

2887     Feb.  27 

9.13, 

2768 

31 

8.  <■„•;.. 

suns   SLacei 

■tin' 

2701               2.">        7.09.; 

27.71     Oct.   14 

12.3] 

2891      Mar.    3 

8.932 

2774 

Nov.    6 

8.702 

2744 

Oct.      7 

U] 

2705              29       7.41, 

2805     Dec.     7 

10.7 

2779 

11 

S.. V.I.. 

2717 

10 

11] 

2710     Sept.   3       7.71.; 

2S0S             10 

10.56. 

71.7    S  Arir 

lis 

27S3 

15 

s.ii.V. 

2767 

30 

11] 

2713                 6       s.'.is. 

2S1S              20 

10.77., 

2745     ( >ct.     8 

11.4 

2784 

16 

S.OS. 

2778 

Nov.  10 

11.1 

2746                9 

11.07.. 

2786 

18 

8.44., 

2805 

Dec.     7 

lu.2 

8373   S  Pegasi 

soon   B  ( 'assiopeae 

2747              10 

11.83, 

2788 

1'n 

s.cs. 

281 18 

10 

10  39, 

2715     Oct.-    8      10.1 

2481     Jan.  17 

11.0 

2718                 11 

n..7s; 

2798 

30 

S.7.V 

2816 

18 

10.04 

2779     Nov.  11     11.0.7. 

2818     Dec.  20 

11.23., 

27.71                14 

11.37; 

2810 

Dec.  12 

S.SC. 

2821 

:'.•; 

9.372 

2810     Dec.  12     12.832 

2830     Jan.    1 

ll.O'.i; 

2754               17 

11.62, 

2821 

23 

S.52.. 

2829 

31 

9.1  m;.. 

2822             24     12.9 

2837               8 

12.40; 

27.7.7               18 

n.58.; 

2834 

Jan.    5 

r.662 

2837 

Jan.     8 

8.63., 

2830     Jan.     1     13.0] 

2852             23 

11.41, : 

2762              25 

11.4] 

2S37 

8 

7.55., 

2846 

17 

8.50.. 

2837               8     13.42., 

2860             -"-1 

11.2 

2766             29 

11.80, 

28 12 

13 

8.7 

2849 

20 

7.99., 

2852             23  to 

2866     Feb.    6 

11.19,: 

2843 

14 

s.i ;.-,., 

2851 

90 

8.30, 

2866     Feb.    6     12.8] 

800  oCei 

2848 

19 

9.252 

2860 

31 

S.1L'. 

4  obs. 

114   SCet 

i 

2771      Nov.    3 

9.0 

2860 

31 

8.94, 

2866 

Feb.     6 

8.572 

2742     ( >ct.     5 

11.8 

2804     Dec.    6 

8.9 

2871 

Feb.  11 

8.51. 

2870 

10 

8.44., 

S.712   R  Aquarii 

2744                 7 

11.8 

2836     Jan.     7 

8.8 

2880 

I'd 

8.6 

2880 

20 

9.2 

2745     Oct.     8     10.0 

2768             31 

10.8 

2848             19 

8.32., 

N°-  314. 


THE     ASTRONOMICAL     JOURNAL. 


13 


806  oCeti— 

Cont. 

SOU  o  Ceti—  Cont. 

847.  /,'  Ceti  — 

Cont. 

:»(»< 

li  Trianguli 

ill;; 

UArietis  - 

(  ont. 

Julian 

Calendar 

Mag. 

.lulian   Calendar 

Mag. 

.lulian   Calendar 

Mag. 

.lulian 

Calendar 

Mag. 

Julian 

Calendar 

Mag. 

(i 

ISM 

J            1803,4 

d            IV..:;.  4 

d 

189     i 

d 

(893,  < 

2857 

Jan.  28 

7.962 

2895      .Mar.     7 

3.322 

278;;     Nov.  15 

12.2:;.. 

2819 

Dec.  12 

11.37,. 

27NC 

Nov.  is 

s.ss 

2866 

Feb.    6 

7.37... 

2898             li  > 

3.53. 

28(14     Dec.     (> 

13.0] 

281' 7 

i".i 

li.;  »7,: 

2788 

211 

8.28 

2868 

8 

6.962 

2900              12 

1.2:;. 

281(1                 12 

13.0] 

2S37 

.Lin.    8 

12.(12.. 

2798 

30 

s.ss 

2870 

lit 

6.912 

290]              13 

3.95a 

2822              24 

13.(1] 

2860 

31 

11. 7C. 

2805 

Pec.       7 

9.23 

2871 

11 

7.38s 

2902              1  1 

3.612 

281".  I               31 

13.0] 

2866 

6 

li.s.-, 

2837 

.Ian.     8 

10.1 

2877. 

15 

6.03„ 

2904             16 

2.84, 

2831     Jan.    2 

13.0: 

2870 

in 

11.80 

is:,  1 

27, 

11.77. 

2876 

16 

.V!  1, 

2905             17 

3.54, 

2836               7 

i::.(i] 

2883 

i':; 

11.22; 

2862 

Feb.     2 

10.67 

2880 

20 

4.69s 

2907              In 

3.79< 

2837               8 

L3.0] 

2868 

8 

11.11 

2883 

23 

4.43, 

2911              23 

3.44, 

2852             23 

l2.:;o. 

in:; 

2883 

23 

11.55 

288  1 

21 

4.452 

2883     Feb.  23 

9.13. 

2769 

Nov.    1 

9.7 

2895 

Mar.    7 

11.8 

2887 

2 < 

4.41." 

845   R  Cet 

i 

2888             28 

9.13a 

277(1 

*> 

9.03. 

l".Ul 

23 

11.8] 

2888 

28 

L32a 

2771       Nov.    3 

11.2  : 

2891     Mar..  3 

'.1.47;, 

2777 

:i 

s.cu, 

28'.  II 

Mar.     3 

1.25. 

2777                  11 

12.35, 

2783 

17. 

8.92, 

7 7 '.1 7.  li  /"  ( 'i/i/ni 

I  +:;7  4ioi  7.7,3  1 1 
A'  +37°4405     8.30  20 

N  +374118  9.06  12 

/.'   +  37°4401  9.42   in 

S  +37°4398  10.01     6 

V  +37°4399  9.62     2 

X  +37°4400  1(1.(17     2 


7 7 95   UVCygni  —  Cont. 

2X  +  37°4408     9.85     1 

Y  +:;7  1402  10.95     1 

8068   S  Lacertae 

I  +39°4856     7.ss     7 

L  +39  1886     8.39  2M 

0  +39°4883     s. 7.".  2M 


Comparison-St  \Ks. 
sues   S Lacertae  — Coat.  8068  SLacertae 


Cont. 


/,'  +39°4857  8.80  7 

1 /;+:;'.)  I  s7,s  8.80  6 

T  +39°4835  9.345M 

V  +39°4862  9.69  5 
ir"+39°4846  9.65  6 

V  +39°4S7,3  10.26  6 
Z  +39°4854  11.31  1 


a  2nif  r 

c  Ls2p  V 

,1  2s3/  V 

e  2s  Z 

1113  V 
X   +14V.27. 


10.47 
10.95 
11.15 
11.33 

irietis 
9.82 


1 


1113   UArietis  —  Cont. 


Z  +14°527 

\Z  +1  17,l".l 

'1Z  +14°532 

a   7/4  7//    Z 

b  4s9/     2Z 

C    HI//!',//     Z 
double 

/9al/     Z 


9.69  8 

10.04  8 

10.41  5 

9.76  1 

9.80  1 

Ki.si  3 

11.60  3 


Maxima. 

M  IN  IMA. 

Nvi:i':\ 

Comp 

O— C 

Nyiikx 

Comp. 

o-c 

1882.46 

1882.42 

+  0.04 

1SS1-.97 

1883.01 

—0.04 

83.60 

83.60 

.00 

84.30 

84.19 

+   .11 

84.83 

84.78 

+  .05 

85.29 

85.37 

—  .08 

87.. 97 

85.96 

+  .01 

86.56 

86.55 

+   .01 

87.17, 

87.14 

+   .111 

87.78 

87.74 

+   .14 

88.33 

88.33 

—  .02 

89.17 

88.92 

+    .27, 

89.61 

89.7.1 

+  .in 

90.18 

911.119 

+    .(19 

9(1.78 

90.69 

+  .09 

1891.28 

1891.28 

0.00 

1891.94 

1891.87 

-fd.117 

NOTE   OX   NYREN'S  VERTICAL-CIRCLE   OBSERVATIONS.  1882-91, 

1!y  S.  C.  CHAXDLEIi. 

The  extreme  interest  attaching  to  this  important  series 
of  observations,  ami  the  conclusions  drawn  therefrom  by 
\  \  in'  x  (4..Y.  3166)  with  regard  to  the  latitude-variation, 
together  with  Kostinsky's  interesting  remarks  1  A.N.  3209), 
lead  me  to  otter  one  or  two  considerations  which  I  trust 
these  gentlemen  will  not  regard  as  intrusive. 

Mr.  Kostixskv  has  made  a  comparison  of  Nvkkn's  ob- 
served dates  of  maximum  and  minimum  phases  with  the 
complete  equation  (15),  and  suggests  that  there  may  he 
an  error  in  the  enumeration  of  the  periods  included  by  the 
series,  and  that  the  anomalies  in  the  residuals  may  be 
reconciled  by  assuming  that  nine,  instead  of  eight,  is  the 
correct  number.  This  is  true  as  respects  the  number  of 
epicyclical  revolutions  of  the  poles,  hut  not  so.  it  seems 
to  me.  as  respects  the  effective  number  of  oscillations  which 
Nvkin's  process  of  discussion  was  adapted  to  bring  out. 
Xvi;i-.x  shows,  on  the  first  page  of  his  article,  that  the 
nature  ami  distribution  of  his  material  is  such  as  not 
directly  or  readily  to  permit  the  determination  of  an  annual 
term,  and  he  limits  himself  to  a  mode  of  treatment  which 
will  demonstrate  only  the  existence  of  any  period  different 
from  a  year.  His  results  afford  most  convincing  evidence 
of  the  fourteen  months'  term.  Further,  his  epochs  of  the 
principal  phases  agree  very  well  in  general  with  the  first 
term  of  equation  1  15),  thus  : 


On  the  other  hand,  it  is  important  to  observe  that  the 
effect  of  the  annual  term  is  not  fully  eliminated.  This 
could  be  rigorously  done  only  by  using  observations  of  each 
star  made  at  the  same  time  of  the  year.  They  are  actually 
distributed  over  an  appreciable  interval,  in  each  of  them. 
The  resultant  curve  will  therefore  differ  from  the  sinoid 
representing  the  fourteen  months'  term  alone,  in  a  degree 
dependent  npon  the  proportion  of  stars  whose  observations 
cover  a  considerable  portion  of  the  year.  It  is  manifest, 
from  the  description  (,m  p.  37.(1.  A.X..  3166)  of  the  difference 
in  the  material  for  1889-91  from  that  of  previous  years, 
that  we  ought  to  expect  that  the  curve  would  approximate 
quite  closely  in  the  later  years  to  the  full  equation  (15); 
and  it  will  be  found  011  trial  that  such  is  the  case.  If  I  am 
correct  in  this,  we  ought,  in  the  shape  in  which  the  results 
at  present  stand,  to  compare  the  curve-phases  with  the  first 
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N<>-  31 1. 


term  of  eq.  1 15)  alone  from  L882  88,  as  in  the  above  tabic  ; 
ami  with  tlir  lull  expression  from   1889-91,  as  is  (lime  by 

KoSTlNSKY. 

I   hope  that  either    Mr.  Xyki'.x   or  Mr.  Khstinskv   will 
think  favorably  enough  of  this  suggestion  —which  I  have 

Cambridge,  1894  Feb.22. 


no  doubt  has  occurred  to  them  independently — to  discuss 
the  material  further  with  a  view  to  separate  I  he  elements 
of  the  two  terms;  lor  it  would  he  much  to  he  deplored  if 
astronomy  should  lose  the  full  fruits  of  this  admirable 
scries  id'  observat ions. 


OBSERVATIONS    OF  7437  X  GTG  AT  FOR   THE    YE  All  1893, 

(8100)  CEPHEF, 


WITH    A    NOTE   ON 


liv     PAUL     S.     YEXDELL. 


My  observations  of  XCygni  for  L893  extend  from  May  6 
to  1894  Jan.  1,  and  are  eighty-six  in  number.  They  indi- 
cate the  following  maxima  and  minima: 


Maxima 

Minima 

E 

1893 

w 

Lt. 

E. 

1893 

w 

Lt. 

150 

July    2.5 

o 

12.4 

150 

151 

July  19.5 

4 

13.4 

151 

July  14.4 

4 

6.1 

152 

Aug.    4.3 

4 

11.4: 

152 

July  30.4 

o 

0 

6.1 

153 

Aug.  22.9 

o 
O 

12.4 

153 

Aug.  14.8 

4 

5.1 

154 

Sept.    7.6 

4 

11.7 

154 

Aug.  31.0 

4 

6.0 

1 55 

155 

Sept.  15.7 

3 

156 

Oct.    10.6 

4 

11.4 

156 

157 

Oct.   27.2 

o 

0.7: 

157 

Oct.    17.6 

4 

3.0 

158 

Nov.  11.2 

4 

11.4 

158 

Nov.     3.4 

4 

1.0 

1 59 

Nov.  26.6 

4 

10.4 

159 

Nov.  18.6 

3 

3.0 

L60 

160 

Dec.      5.0 

2 

1.0 

161 

Dec.  30.4 

4 

111.4 

161 

The  brightest  maximum  and  minimum  occur  at  E.  151, 
and  the  faintest  at  E.  158. 

Upon  assembling  all  my  observed  maxima  and  minima, 
about  one  hundred  and  fifty  in  number,  and  extending  over 
a  space  of  six  years,  it  was  apparent  that  the  cycle  that  I 
had  assigned,  of  twenty-one  periods  of  the  star,  was  too 
short,  the  recent  minima  on  this  curve  falling  late.  The 
term  best  satisfying  the  observations  was  found  to  be 
twenty-two  periods,  =  360ll.558,  and  was  so  nearly  coinci- 
dent with  a  year  as  at  once  to  arouse  a  suspicion  of  the 
subjective  character  of  the  phenomenon.  The  greatest  and 
least  observed  brightness  were  found  to  occur,  on  the  aver- 
age at  the  same  seasons  each  year,  and  an  inquiry  into  the 
position-angle  of  the  line  joining  the  star  and  its  principal 
comparison-star  leaves  no  doubt  that  the  apparent  periodicity 
of  this  variation  is  simply  the  optical  effect  of  the  progres- 
sively varying  angle  between  the  axial  line  of  this  group 
and  the  line  joining  the  axes  of  the  eyes. 

Aside  from  this  apparent  fluctuation,  the  star  certainly 
shows  occasional  faint  minima,  when  it  goes  below  the 
entire  usual  group  of  comparison-stars  by  several  steps,  as 
see  Duxer's  minimum  at  E.  93,  and  my  own  at  E.  13S.  15S, 


and  160,  when  the  star  was  well  below  the  usual  minimum 
light,  a  comparison-star  off  the  axial  line  of  the  usual  group 
being  employed. 


In  Vol.  X  of  this  Journal,  p.  141,  I  published,  under  date 
of  1892  March  3,  the  announcement  of  the  probable  varia- 
bility of  the  star  now  on  Chandler's  Unconfirmed  List  as 
(8100)  Cephei. 

This  announcement  was  very  cautiously  made,  after 
eighteen  months'  continuous  observation,  and  seemed  at 
the  time  to  be  warranted;  but  .although  1  hail  at  various 
times  suspected  the  influence  of  changing  hour-angle  in  a 
star  of  so  high  northern  declination,  the  balance  of  evidence 
seemed  to  me  strongly  to  favor  the  star's  variability. 

The  variation,  however,  has  not,  so  far  as  I  know,  been 
confirmed;  and  I  have  been  led  since  its  announcement,  to 
doubt  its  reality,  especially  as  Mr.  Sawyer's  observations, 
made  at  my  request  on  both  sides  of  the  meridian,  fail  to 
show  any  change •;  and  I  have  on  several  occasions  called 
to  Dr.  Chandler's  notice  the  advisability  of  removing  it 
from  his  Unconfirmed  List.  My  own  observations  have 
continued  to  indicate  the  same  apparent  change,  but  in  a 
period  of  so  exactly  a  year,  that  the  conclusion  is  forced 
upon  me  that  the  apparent  variation  is,  as  in  the  case  of 
X  Cygni,  a  matter  of  hour-angle.  This  conclusion  receives 
a  strong  confirmation  from  a  comparison  of  the  changes  of 
the  two  stars  with  their  changing  hour-angles,  as  tabulated 
below,  their  position-angles  relative  to  the  principal  com- 
parison-stars used  in  each  case  being  very  nearly  the  con- 
verse of  each  other. 

The  subjoined  table  is  self-explanatory  ;  the  hour-angles 
and  brightness  are  in  the  case  of  (8100)  Cephei  the  means 
of  the  assembled  monthly  groups,  and  in  that  of  X Cygni 
of  one-hour  groups;  the  weights,  w.  indicate  the  number  of 
observations  from  which  each  mean  was  formed  ;  the  resid- 
uals, d,  are  the  departures  from  the  graphic  means  of  the 
different  scries.  Both  L  and  d  are  expressed  in  steps  of 
the  working  light-scales  for  the  two  stars,  the  average  value 
of  a  step  being  about  0".09. 
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(8100)  Cephei. 


743,  .\'  ( 'iji/ui 


Light 

d                   Maxima 

Minima 

(Steps 

(Steps)    Light 

d 

W 

II 

Light 

d 

w 

ll       III 

St. 

•I. 

St. 

•1 

Easl  s    ;> 

8.2 

—3.6 

7 :;: 

10.2 

—1.4 

1 

7    6 

6.4 

+  1.1.-) 

2 

6  .-.1 

7.1 

— 4.7 

6  to 

12.4 

+0.8 

3 

6  19 

6.4 

+  1.15 

■J 

(i    :; 

L2.9 

+  1.3 

'.» 

(',..-. 

+ 1 .27. 

3 

:>  10 

111 

—0.2 

2 

l  59 

7-6 

— 4.2 

3  .-.ii 

11.'.  7 

+  1.1 

12 

:;  45 

6  17. 

+  1.21) 

L2 

2  11 

6.8 

+  1..-.5 

8 

2  I'.i 

8.3 

—3.5 

2  11 

6.1 

+0.85 

5 

1  49 

12.4 

+  0.8 

8 

1  -ii 

8.5 

-3.3 

1    6 

li'.:; 

+  0.7 

Ki 

o .-.: 

7.2 

+1.95 

1 

0  22 

9.3 

—2.5 

Wesl 

0  15 

4.9 

—0.35 

4 

ii  55 

ll.ii 

—0.6 

8 

1    1 

13.8 

+  2.0 

1   I.". 

4.3 

—0.95 

9 

Dorchester,  Muss.,  1S04  March  17. 


Light 

d 

Maxima 

Minima 

(Steps)  (steps) 

Light 

d 

w 

Light 

d 

to 

ll        III 

St. 

a. 

ff 

St. 

St. 

a 

West  2  22 

LO  l 

—1.2 

11 

1  26 

15+ 

+  3.6 

3    3 

3.7 

-1.55 

11 

3  ::| 

10.1 

—1.2 

0 

3  13 

3.S 

—1.45 

11 

7.  16 

4  7 

—0.55 

3 

7.  17 

16.S 

+  5.0 

:,  46 

11.1 

—0.5 

5 

7    2 

14.4 

+  2.6 

s  55 

11'.  s 

+  1.0 

11  33 

1  l.s 

t  n.ii 

The  features  common  to  both  cases  will  be  perceived 
upon  examining  the  above  table;  the  persistence,  in  the 
column  il.  (.1  the  same  sign  on  each  side  of  the  meridian  ; 
the  suddenness  with  which  the  sign  changes  in  both  cases 
as  the  hour-angle  passes  from  Easl  to  West,  and  vice  versa  . 
the  correspondence  of  the  signs  to  the  relative  position- 
angles  of  the  axial  lines  of  the  star-groups ;  and  the  i  < 
lar  progression  of  the  change  indicated,  especially  in  the 
case  of  (8100).  All  of  these  features  seem  to  point  defi- 
nitely mid  strongly  to  a  common  cause,  and  to  my  mind, 
dispose  completely  of  the  entire  question  of  the  variability 
of  (8100).  and  of  the  supposed  long-period  variation  of 
XCygni. 


COMET  a  181)4. 

A  faint  comet  was  discovered  March  26.  by  Denning,  at  Bristol,  England ;  ami  observed  as  follows:  — 
1894  March  26.396  Greenw.  M.T.,     a  =  9"  55'",     8  =  +  32°  15';     Daily  motion  about  1°  south  following. 


Observations    have    been    received    from  Prof.  Boss  at  Albany.  Mr.  Taylor  Reed    at   Princeton,  Dr.  Wilson  at 
Northfield,  and  Prof.  Porteb  of  Cincinnati.     The  details  must  be  deferred  to  the  next  number,  for  want  of  room. 
Prof,  lh.ss  sends  the  positions 


March  27     8  58  38  Albany  M.T. 

29  11     3  36 
April    1  11  18  i>:> 


a  =    o  59    4.(10,     s  =  +31  :;i  56.2 
lo     (i  45.24,  +30  24  42.1 

10  16  46.99.  +28  47  40.7 


The  observations  of  the  April  1  position  were  obtained  with  difficulty,  owing  to  the  state  of  the  sky. 
The  comet  is  estimated  to  be  of  the  twelfth  magnitude-equivalent;    the  nebulosity  is  estimated  6.  be  one  and  a  half 
minutes  in  diameter  with  a  fan-shaped  extension  about  5'  in  length  in  approximate  position  angle  150°. 

Mr.  Reed's  observation  is 

March  27  11"  20'"  25"  E.Std.  Time,    a  —  9"  59'"  26'.55,     8  =  +31°  31'  31".0. 


Dr.  Wilson  telegraphs  the  positions 

March  28.6552  Greenwich  M.T. 

1".  i.  c.5 16  "  " 


ll  Til  9 

a  =   10  3      1.6 

10   6   35.0 


+30  58     2 

+  30   10   30 


Prof.  Poktek  sends  the  observations 


March  20  8  25  57  Cincinnati  M.T.     ,< 
30  8  28  36 


h      nt         S 

10  6  21.20 

10  9  50.0(1 


+  30  is  30. 1 
+  10   57,    Kid 
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ELEMENTS    AM)   EPHEMERIS   OF   COMET  a  1894  (denning), 

By  LEWIS  BOSS, 


From  A 1 1 i;i 1 1 \  observations,  March  27—29,  April  1. 
T  =i  1894  Feb.  17.273  Greenw.  M.T. 

o  I 

to  =  64  37.9} 

S2  =  72  L2.3  •  Apparent  equinox 
i  =    6  32.4  \ 

logg  =  0.09520 

The  computations  indicate  possible  eccentricity. 


Ephemeris   fob  Greenwich  Midnight. 


1894 

App.a 

A  pp.  8 

log  ^ 

Brightness 

A jnil    !.."> 

li»  25    N 

+27  16 

9.7476 

0.73 

8.5 

Hi  37  28 

+25     9 

'.(.7717 

0.62 

12.5 

Ki  48  14 

+23     6 

9.8024 

0.52 

16.5 

Ki  58  11 

+21     9 

9.8303 

0.44 

20.5 

11     7  26 

+19  16 

9.8583 

0.37 

24.5 

11    lc     4 

+  17  30 

9.8863 

0.31 

28.5 

11  24  10 

+15  48 

9.91  I'-' 

0.26 

new  asteroids. 

Prof.  ELkuegek  communicates  the  discovery  of  another  small  planet  by  Courts:  at  Bordeaux,  and  two  by  Char- 
lois  at   Nice,  and  their  positions  as  follows: 

AZ     10"     1894  Mar.  5  lO^o Bordeaux  M.T.  «=    9  3i24,  d  =  +23°   8. 

7     8  29.3          "           ■•  9  33    0,  +28  19. 

BA     12"     1894  Mar.  7     9  53.0  Nice  M.T.  10  4112,  .       +10  56;  Daily  motion,  —48s  in  a,  and  3'  northward. 

/.'/.'     11"     1894,Mar.  8  11  39.0         ••  9  32    8,  +  3  50;  Daily  motion, —40s in «,  and 2' northward. 


NEW    ASTRONOMICAL   WORK. 


Traite  Analytique  des  Orbites  Absolves  des  huit  Planites  Principales 
par  Hugo  GyldEN.  Tom.  I.  Theorit  Generate  des  Orbites  Ab- 
solves.    Stockholm,  1893.     4t0,  pp.  573. 

The  expressions,  heretofore  given  for  the  coordinates  of  the  planets, 
are  open  to  the  serious  objection  of  being  serviceable  only  for  a  limited 
range  of  time  :  and  it  is  well  known  that  for  some  time  Prof.  GyldEn 
has  been  at  work  devising  modifications  in  the  way  of  approaching 
the  subject  which  would  lead  to  expressions  free  from  the  mentioned 
imperfections.  This  volume  contains  the  general  principles  of  the 
method  he  proposes  for  attaining  this  end.  However,  it  appears  that 
some  additional  explanation  will  be  required  before  any  application 
can  be  made  to  a  particular  case.  This  Prof.  GyldEn  announces 
will  be  given  in  the  portions  of  the  work  still  to  follow. 

To  carry  out  this  plan  to  its  last  degree  of  perfection,  in  the  case  of 
the  solar  system,  would  require  an  amount  of  labor,  in  comparison  to 
which,  that  of  DELAUNAY  in  the  lunar  theory  would  be  a  mere  baga- 
telle. However,  taking  the  matter  in  a  somewhat  rough  way.  it  may 
be  possible  to  arrive  at  results  interesting  for  their  indications  of 
what  may  be  called  general  tendencies  in  the  motion  of  the  solar 
system. 

To  give  a  notion  of  the  general  character  of  Prof.  Gylden's 
method,  we  may  begin  by  saying  that  the  methods,  proposed  by  Prof. 
Newcomb  and  M.  Lindstedt,  lead  to  expressions  consisting  of  an 


infinite  series  of  purely  periodic  terms,  and  identical  with  those  which 
would  be  obtained  through  the  application  of  the  procedure  of  De- 
i.auxav  in  the  lunar  theory.  These  methods  give  directly,  and  with- 
out the  intervention  of  auxiliary  quantities,  the  coordinates  of  the 
bodies.  But  these  expressions  have  been  shown  by  M.  Poini  ark  to 
be  destitute  of  rigorous  mathematical  convergence  :  that  is.  thej 
possess  only  the  quality  of  semi-convergence,  and.  like  the  expres- 
sions employed  by  LAPLACE  and  HANSEN,  can  be  made  to  represent 
the  values  of  the  coordinates  for  only  a  limited  interval  of  time. 
Prof.  GYLDEN,  therefore,  proposes  to  abandon  the  explicit  expres- 
sion of  these  quantities  as  functions  of  the  time.  and.  separating  the 
inequalities  which  depend  on  the  mutual  configuration  of  the  planets, 
he  would  determine  the  remainder,  called  by  him  elementary  terms, 
by  themselves.  And  after  wards  he  would  make  the  complete  values 
of  the  coordinates  depend  on  the  latter.  However,  if  we  understand 
the  matter  rightly.  Prof.  GYLDEN  would  express  all  the  auxiliary 
quantities,  employed  for  the  exhibition  of  the  planetary  positions,  by 
means  of  circular  functions  of  the  time  :  for,  in  the  few  instances  in 
which  elliptic  functions  are  introduced,  they  appear  only  as  machinery 
of  demonstration. 

What  degree  of  success  will  attend  the  application  of  tins  method 
can  be  clearly  seen  only  when  the  numerical  labor,  involved  by  treat- 
ing some  special  case,  shall  have  been  accomplished. 


No.  313,  p.  4,  col.  1,  line — 9,    for     Fahrenheit     put 


CORRIGENDUM. 

Centigrade. 


C  O NT E N T  S  . 
Measi  res  "i    the  Position  of  the  Satellite  of  Neptune,  1893-4,  by  Prof.  E.  E.  Barnard. 
Maxima  and  Minima  of  Short-Period  Variables.  Observed  in  1893,  by  Mr.  Paul  S.  Yenbell. 
Notes  on  Variable  Stars,  No.  3,  by  Mb.  Henry  M.  Parkhurst. 
Note  on  Nyren's  Vertical-Circle  Observations,  1882-91,  by  Dr.  S.  C.  Chandler. 

Observations  of  7437XCygni  fop.  the  Year  1893,  with  a  Note  on  (8100)  Cephei,  by  Mr.  Paul  S.  Yendell. 
Comet  a  1894. 

Elements  and  Ephemeris  of  Comet  a  1894  (Denning),  by  Prof.  Lewis  Boss. 
New  Asteroids. 
Corrigendum. 
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ON   POND'S   DOUBLE-ALTITUDE   OBSERVATIONS,   1825-35, 

15\   S.  C.  CHANDLER. 
II.     Variation  of  Latitude. 


The  methods  employed  in  the  following  discussions  have 
been  to  some  extent  governed  by  the  distribution  of  the 

material.     The  general  eh] logical   classification  of  the 

observations  is  as  follows: 


Year 

No. 

182.-. 

1  130 

1826 

1835 

1827 

1248 

182S 

462 

L829 

123 

L830 

L63 

Year 

No. 

1831 

.",.-,1 

1832 

424 

1833 

451 

1834 

160 

1835 

229 

Total 

7176 

been  g 

ivrii   in 

./../..  313, 

The  classification  1>\   stars  has 
p.  3. 

The  rigorous  method  of  treatment  would  have  been  to 
form  and  solve  717(i  equations  of  condition  with  five  un- 
knowns (six  for  Polaris),  according  to  eq.  (29).*  This 
would  have  been  so  manifestly  a  waste  of  labor  thai  I  pro- 
ceeded to  determine  the  various  constants  by  successive 
approximation. 

The  first  step  was  to  collect  the  observed  declinations, 
for  each  of  the  36  stars,  into  means  embracing  generally 
ten  or  twelve-day  intervals.  The  two  culminations  of 
Polaris  were  treated  separately.  In  all  the  subsequent 
computations  these  means  were  used  strictly  according  to 
their  weights  by  numbers  of  observations;  and  'ejec- 
tions were  made  for  any  reason  whatever. 

The  next  step  was  to  make  a  first  approximation  to  the 
true  mean  declinations  o*0,  free  from  the  latitude-variation. 
If  the  observations  for  the  several  stars  had  been  pretty 
uniformly  distributed  chronologically,  this  would  be  repre- 
sented sufficiently  well  by  the  mean  of  the  observations. 
But  this  condition  is  so  far  from  being  satisfied  by  most  of 
the  stars  that  the  assumption  is  not  allowable.  It  is  evi- 
dent, however,  that  the  differences  of  simultaneously  ob- 

*To  save  repetition  all  formulas  here  employed  will  be  referred  to 
by  their  numbers  in  A.  J..  2ff7,  pp.  177.  8;  ami  all  individual  symbols 
will  be  strictly  used  according  to  the  definitions  there  given. 


served  declinations  of  any  two  stars  must  be  free  from 
latitude-variation.  Therefore,  if  any  of  the  stars  are  so 
continuously  observed  that  the  above  condition  is  approxi- 
mately fulfilled,  we  may.  by  the  use  of  the  simultaneous 
differences  of  the  other  stars  from  these,  arrive  at  approxi- 
mate values  of  60  for  all  of  them.  An  examination  shows 
that  this  condition  is  satisfied  by  Polaris  and  aCygni. 
Accordingly,  all  the  remaining  34  stars  were  referred  to 
these  two  in  this  manner,  and  with  these  first  approxima- 
tions to  da  preliminary  values  of  n,  eq. (26),  were  formed. 
and  the  results  for  the  various  stars  combined,  giving  a 
chronological  series  of  values  of  Jy.  These,  when  charted, 
presented  a  distinct  curve,  closely  approximating  to  that 
shown  in  the  plate  accompanying  this  number,  which  is 
the  result  of  the  second  approximation  presently  to  be 
described.  Indeed,  not  only  as  a  whole,  but  when  sepa- 
rated into  parts,  in  groups  of  stars,  or  even  by  the  individual 
stars  most  numerously  observed,  the  same  characteristic 
features  of  the  curve  were  clearly  indicated;  so  that,  even 
at  this  early  stage  of  the  investigation,  there  remained  no 
reasonable  doubt  as  to  the  reality  of  the  phenomenon. 
There  is  no  need  to  burden  this  paper  with  the  numerical 
details  of  the  discussion  up  to  this  point.  It  suffices  to  s;i\ 
that  a  provisional  numerical  formula  for  the  latitude- 
variation  was  thus  derived,  closely  accordant  with  those 
hereafter  given;  and  that  a  comparison  of  the  epoch  of  its 
fourteen  months- term,  1830  Mar.  1  =  2389513,  with  the 
other  available  data  seems  to  point  to  the  Value  428.(1  days 
as  the  mean  length  of  this  period,  corresponding  to  the 
mean  daily  rate  of  angular  rotation,  6  =  0°. 840.  lint  it 
also  now  appears  nearly  certain  that  this  period  is  not 
strictly  uniform.  "With  this  remark  1  must  pass  the  sub- 
ject, as  the  general  inquiry  into  the  variations  of  this  and 
the  other  coefficients  of  the  latitude-variation,  must  he 
adjourned  until  the  completion  of  calculations  upon  other 
series;  any  definite  inferences  would  be  partial  ami  prema- 
ture at  the  present  time. 

A  second  approximation  was  now  made  to  the  values  oi 

(17) 
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d0  by  correcting  all  the  observed  declinations  by  the  pro- 
visional latitude-formula,  and  taking  the  humus.  These  are 
still  referred  to  the  provisional  value  of  the  mean  Latitude, 
51  28'  38".27,  used  in  the  reductions,  (see  p.3),  although 
the  use  of  all  the  observations  of  Polaris  at  both  culmina- 
tions gave  7.1  28'38".42;  but.  as  this  is  still  Bubject  to 
a  final  correction,  it  was  not  thought  desirable  to  introduce 
it  at  this  stage. 

Tlu'  provisional  formula  for  the  variation  also  enables  us 
to  determine  normal  values  of  dip  for  a  given  series  of 
dates  at  convenient  equidistant  intervals,  by  reducing  the 


original  observed  declinations  for  the  several  stars,  within 
eaeh  interval,  to  the  middle  date,  by  a  process  similar  to 
that  by  which  normal  places  for  comets  and  planets  are 
formed.  This  greatly  simplifies  the  subsequent  computa- 
tions, in  an  entirely  unobjectionable  manner.  Thus, select- 
ing normal  dates  60  days  apart,  reducing  the  observed 
declinations  to  them,  forming  new  values  of  «.  and  com- 
bining the  stars  by  Wrights  according  to  the  observations, 
we  have  the  observed  values  of  U-  in  the  fifth  column  of 
the  table  below. 


( 

Number 

is— 

(f 

t 

Number 

if— 

if 

<  'alendar 

Julian 

Obs. 

Stars 

Obs. 

<    OUl|i. 

Calendar 

Julian 

Obs. 

Stars 

<n.s. 

( 'omp. 

1825  May     3  = 

=2387750 

236 

21 

-0.27 

-( 

1.24 

181 

',(1  Oct.      4  = 

=2389730 

19 

9 

+  0.7,7, 

+  0.30 

July     2 

7  810 

446 

16 

— 

.12 

— 

.14 

Dec.     :; 

9790 

41 

13 

+ 

.22 

+    .20 

Aug.  :;i 

7870 

367 

20 

+ 

.12 

+ 

.(»7 

is; 

:i  Feb.     1 

9850 

20 

11 

— 

.19 

-   .09 

Oct.    30 

7  930 

270 

16 

+ 

.21 

+ 

.111 

Apr.     2 

9910 

47 

11 

— 

.10 

-  .28 

Dec.   29 

7990 

274 

•>•> 

+ 

.17 

+ 

.13 

June     1 

2389.970 

77. 

10 

+ 

.OS 

-    .21 

[826  Feb.  27 

8 1  (51 • 

I'M  1 

21 

+ 

.03 

— 

.02 

July  :;i 

2390030 

97 

14 

— 

.07 

+    .02 

Apr.  28 

8110 

315 

21 

— 

.08 

— 

.13 

Sept.  2'.) 

0090 

61 

12 

+ 

.27 

+  .23 

June  27 

8170 

394 

L5 

— 

.1(1 

— 

.10 

Nov.  28 

(i  150 

7)0 

5 

+ 

.26 

+  .2:: 

Aug.  26 

8230 

334 

26 

+ 

.02 

+ 

.(H 

is: 

12  Jan.   27 

(>2Ki 

19 

6 

— 

.27 

+  :03 

Oct.    25 

8290 

24:; 

20 

+ 

.02 

+ 

.08 

Mar.  27 

0  270 

69 

9 

— 

.12 

-   .17 

Dec.  24 

8350 

165 

lit 

— 

.03 

+ 

.05 

May  26 

0330 

72 

s 

— 

.13 

-   .20 

1827  Feb.  22 

8  U0 

141 

13 

— 

.11 

— 

.03 

July  25 

0390 

ss 

12 

-- 

.is 

-    .07 

Apr.  23 

8470 

244 

19 

— 

.08 

— 

.04 

Sept.  2.'i 

( i  47>(  i 

L06 

9 

+ 

.o:; 

+    .11 

June  22 

8530 

319 

18 

— 

.08 

+ 

.(il 

Nov.  22 

07.10 

(iS 

12 

+ 

.:;i 

+   .20 

Aug.  21 

8590 

21 12 

23 

+ 

.04 

+ 

.06 

is. 

53  Jau.  21 

o.".7o 

36 

8 

— 

.16 

+   .07 

Oct.    20 

8650 

19S 

14 

+ 

.((I 

+ 

.05 

Mar.  22 

0630 

29 

7> 

+ 

.20 

-   .06 

Dec.  lit 

8  710 

133 

13 



.14 

— 

.05 

May  21 

0690 

70 

lo 

+ 

.00 

-   .10 

1828  Feb.    17 

8770 

122 

14 



.10 

— 

.12 

July  2(i 

0  77.0 

lie. 

12 

— 

.14 

-   .05 

Apr.    17 

8830 

9. 

3 

+ 

.06 

— 

.(•7 

Sept  IS 

oslo 

131 

11 

j. 

.23 

+   .04 

June  1(1 

8890 

106 

10 

— 

.02 

+ 

.(17 

Nov.  17 

0870 

63 

10 

+ 

.07, 

+   .05 

Aug.  l."> 

8950 

1  15 

19 

+ 

.15 

+ 

.17 

IS. 

U  Jan.    lfi 

0930 

48 

S 

— 

.12 

-   .01 

Oct.    14 

9010 

29 

i 

+ 

.lit 

+ 

.13 

Mar.  17 

II '.CHI 

71 

i 

— 

.IS 

-   .05 

Dee.    13 

9070 

_ 

_ 

_ 

— 

.05 

May  16 

107.0 

— 

_ 

- 

-   .02 

1829  Feb.   11 

9130 

_ 

_ 

_ 

— 

.21 

July  17. 

1  110 

'.to 

9 

+ 

.12 

+   .06 

Apr.   12 

9190 

4 

•j 

+ 

.11 

— 

.19 

Sept.  13 

1170 

166 

12 

+ 

.32 

+   .09 

June  1  1 

9250 

24 

5 



.(•4 

+ 

.02 

Nov.  12 

1230 

71 

i 

+ 

.12 

+   .01 

Aug.  1(1 

9310 

56 

16 

+ 

.25 

+ 

.).< 

1835  Jan.  1 

1290 

33 

5 

— 

.27 

-   .11 

Oct.      9 

9370 

29 

Id 

— 

.10 

+ 

.25 

Mar.  12 

1350 

75 

s 

+ 

.11 

-   .17 

Dec.     8 

9430 

11 

5 

+ 

.01 

+ 

.05 

May   11 

1410 

11 

5 

— 

.15 

-   .03 

1830  Feb.     6 

9490 

16 

6 



.43 

— 

.21 

July    Id 

1470 

33 

7) 

+ 

.13 

+   .13 

Apr.     7 

9550 

36 

1 

— 

.40 

— 

.29 

Sept.    8 

1  7)80 

47. 

12 

+ 

.44 

+   .20 

June    6 

9610 

9 

+ 

.18 

— 

.11 

Nov.     7 

1  590 

:;:; 

5 

— 

.01 

+   .09 

Aug.    5  = 

=2389670 

19 

i 

+0.06 

+0.16 

IS. 

!6  Jan.      ('.  = 

=2391650 

17 

6 

O.00 

-0.13 

The  values  in  the  above  table  are  graphically  repre- 
sented in  the  chart  accompanying  this  number.  Some 
slight  numerical  corrections  were  made  in  the  computations 

after  the  chart  was  engraved,  but  tire  latter  is  accurate 
enough  fur  its  general  illustrative  purpose.  The  small 
figures  placed  against  the  several  observed  points  are  the 
numbers  of  observations  in  the  third  column  of  the  table. 
The  superior  smoothness  of  the  observed  curve  before  1S29 
is  obviously  accounted  lor  by  the  far  greater  number  of 
observations  during  that  period. 


Considering  the  diagram  attentively — and  entirely  apart 
from  the  dotted  curve  representing  the  values  computed 
from  the  formula  hereinafter  deduced — a  striking  feature 
will  be  noticed.  The  observed  variations  in  lS2<>-7  and 
1833-4  are  decidedly  smaller  than  for  the  years  inter- 
vening, or  for  those  before  and  after.  This  characteristic 
is  especially  pronounced  in  the  earlier  portions  of  the  curve, 
where  the  observations  are  very  numerous.  The  total 
range  of  the  variations  between  the  middle  of  1826  and  the 
end  of   1827  is   not  over  a  fifth  of  a  second,  while  that  of 
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1825  is  double,  and  thai  of  1830  is  treble  this  amount. 
Tin'  increasing  range  after  1833  is  also  visible,  but  is  less 
distinct  on  account  of  the  smaller  number  of  observations. 
The  epicyclical  character,  required  by  the  announced  law 
of  the  Latitude-variation,  appears  thus  to  be  finely  illus- 
trated by  Tumi's  observations,  which  consequently  afford 
an  independenl  verification  of  it.  This  is  the  more  satis- 
Eactory  and  important,  as  it  assures  a  high  degree  of  confi- 
dence   in    the    values  ill    the   constants  of  the  numerical 


index  of  the  merit  which  must  in  future  attach  to  this  long- 
aeglected  series  of  observations. 

'I'n  find  the  constants  from  the  above  observed  values 
<>1  lc.  we  put  i<  and  n  equal  to  zero  in  eq.  (28)  s,,  that 
d".i)  becqmes 

.',,  f  y  sin;   f   -.  cos;'  +  it  sin©  +  I"  cos©  =  // 

where  the  constant  xa  is  of  course  an  arbitrary  unknown, 
Assuming  in  (25)  the  values    2'0'=2389513    and   0=0   84 

vve    fnnii    eiiuat  inns    of   condition,    usiner.    for    convenience 


-1  ■      -•_•  •     -  ;  •     -,  .         mi'       un        j  .i  .  .i  .,i  i  -n       i   i  i  i  u  ,".     i  n  c,     ...     /(,     _., 

The    agreement    of   the    two  portions  of  the  series  is  all   that   we  could   reasonably  expect.      Adding    the   normal 
equations,  and  solving  for  the  whole  series,  we  have. 


.,•„=  -f  0".(i(»7.     ij  =  —  0".()142  ±0".150,     :  --    —  0".1250  ±0".O148,     , 
whence. 


(f  —  (f„  =  —0.126  cos (*— 2380520.7)  0.84      —0.173  cos(Q  — 14.9) 
±0.015  ±8.0  ±0.015  ±   4.9 


0".O445,  ±0".0156,     £  =  —  0".1668  +0".0146 

i  I'.M 


I rarialionqfLaliludj  Ihnds  Obserx \i  lions.  l\'J~>  JO.  <  7/?o  < >/>s  of 36  Stars.) 


As/ri'/i  Jmir/i.  .I'm  3/5, 

1200  1400 


1829 


1830 
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1825  is  double,  and  thai  of  1830  is  treble  this  amount. 
The  increasing  range  afteT  1833  is  also  risible,  but  is  less 
distinct  on  account  of  the  smaller  number  of  observations. 
The  epicyclical  character,  required  bj  the  announced  law 
of  tin-  latitude-variation,  appears  thus  to  be  finely  illus- 
trated by  Pond's  observations,  which  consequently  afford 
an  independenl  verification  of  it.  This  is  the  more  satis- 
factory and  important,  as  it  assures  a  high  degree  ol  confi- 
dence in  the  values  of  the  constants  of  the  numerical 
formula  which  we  shall  presently  determine.  It  is  desired 
to  remark   further  the  interesting  circumstance  thai   this 

series  of  I'oNH  is  the  onh  one  in  astronomical  annals  which, 
taken  alone,  illustrates  in  a  satisfactorj  way  the  existence 
of  the  seven-year  cycle  in  the  range  of  the  latitude- 
variation.     That    it  does  this  so    perfectly,   is   in  itself  an 


index  of  the  merit  which  must  in  future  attach  to  this  long- 
neglected  scries  of  olisci",  ations. 

To  find  the  constants  from  the  above  observed  values 
of  U'-  we  put  u  and  ,7  equal  to  zero  m  eq.  (28)  so  thai 
(29)  becqmes 

.r„+ 1/  sin-  +  .-.  cosy  +  /,  sin©  +  f  cos©  =  n 
where  the  constant  xa  is  of  course  an  arbitrary  unknown. 
Assuming  in  (25)  the  values  2'0'=2389513  and  0=O°.84. 
we  lorm  equations  of  condition,  using,  for  convenience, 
weights  equal  to  one-tenth  of  the  number  of  observations. 
Dividing  the  whole  series  into  two  exactly  equal  portions 
chronologically,  we  derive  the  following  normal  equations 
for  the  first  half,  2387750  2389670,  and  for  the  second 
half,  2389730-2391650;  or  1825.3  1830.6,  and  1830.7 
1836.0,  respectively. 


1825.3-1830.6. 

+  520.00a;0   -   21.61  #   4-   64.42a    +1ll.ol,,  -   53.38£  =  -10.37 

21.61       +251.49      +    14.1T.     -148.76  -   68.31  =  +18.26 

+   64.42      +    14.25      +268.51      +   87.81  -124.88  =  -19.11 

+  111.51  148.76       f    87.81       1-277.72  -     7.85  =  -2J.78 

-   53.38       -   68.31       -124.88  7.85  +242.28  =  —23.79 

1830.7  -1836.0 

+198.00a;0   -       5.05y   +   4L'..",4.-   +    18.99 15  -    43.84?  =  +12:56 

5.05      +103.34      -     8.56     -   29.84  -     9.14  =  -  3.32 

+  42.54      -     S.™      +  94.66     +  31.12  -   38.12  =  -  3.77 

+    18.99      -   29.84      +  31.12     +   88.84  -     5.34  =  -  3.79 

43.84       -     '.U4      -  38.12     -     .""..84  +109.16  =  -13.41 


The  solution  gives  the  unknowns  and  their  probable  errors: 

1825.3  1830.6 

..■„  —0.0142 

>i  +   .0203  ±0.0132 

g  _   .1398  ±   .0123 

rt  -   .0225  ±   .0133 

;  -0.1684  ±0.0123 

whence,    by    (30)    and    (25),    we    have    for    if  —  (fm 


l,s:;il.7    18S6.0 

+  OL0584 

—  .0650  ±0.0281 

—  .1167  ±    .0325 

—  .0450  ±   .0319 
-0.1478  ±0.0291 


1825.3-30.6,         —0.141   cos(j>— 2389503.1)  0.84  — 0.170cos(O—    7.6) 

±0.012                       ±   5.8  ±0.012             ±    1.2 

1830.7   36.0,          —0.134  cos(£— 2389547.8)  0.84  -0.155  cos  (0—17.0) 

±0.032                        ±16.1  ±0.029              ±10.9 


The    probable    errors    of    the    Coefficients    arc    computed    thus: 


For     /■,  = 


//-;,-+  v-r„- 


','"'  'V  + 


for      7\ 

I, 


Sin\6-JT  I  cos-,  6-  1T)s*  +  COS*\  $•  IT):.: 


\ 


when 


t):  sinl" 

G  =  . — : — —  sin-'/  cos-77  f-  f  cosV;  :- ,-' 
I  sin  1  |_ 

are  the   probable  errors  of     v.   •..  c.,  r. 

The    agreement    of   the    two  portions  of  the  scries  is  all  that  we  could   reasonably  expect.      Adding    the   normal 
equations,  and   solving  for  the   whole  series,  we  have. 

.,•„=  +0".007,     ij  =  — 0".0142  ±0".150,     x ■=  — 0".1250  ±0".014S,     ,,  =  — 0".0445,  ±0".0156,     C  =  —  0".1668  +0".0146 

whence.  <f  —  <f„  =  —0.126  cos  (*— 2389520.7)  0.84      —0.173  cos  (0  —  14.9)  (49) 

±0.015  ±8.0  ±0.015  ±    1  !i 
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which  is  adopted  as  fche  result  of  this  second  approximation. 

A  modification  of  the  coefficients  of  the  last  term  will  re- 
sult from  the  solution  for  the  aberration-constant  to  be 
hereafter  given.     The  values  of    <f  —  <f„    in  the  last  column 

Of  the   foregoing  table   Were  em  ii  |  lilted   from  eij.  i  ISt). 

From  this  investigation  it  will  be  remarked  that  the  am- 
plitudes of  both  terms  of  the  variation  are  sensibly  the  same 
as  those  which  prevail  at  the  present  time. 

Two  points  remain  to  lie  examined.  First,  it  is  manifest 
that  ain  error  in  the  expansion-coefficient  used  in  comput- 
ing the  refractions  would  produce  a  systematic  variation  in 
the  declinations,  and  hence  in  the  latitude,  apparently  de- 
pendent on  the  season  of  the  year;  and  -would  have  an 
opposite  effect  on  stars  north  and  south  of  the  zenith.  We 
therefore  have  a  tine  test  of  the  existence  of  such  an  error, 
in  the  coefficients  of  the  annual  term  of  the  latitude-varia- 
tion derived  independently  from  north  and  south  stars. 
This  test  has  been  applied  with  the  following  results.  The 
north  and  south  stars  being  separated,  the  values  of  the 
428-day  term,  by  eq.  (49),  were  subtracted  from  the  observed 
values  of  Ic.  and  solutions  made  to  find  i,  and  J  from  each 
group.      We  thus  have. 


tj  =  -0.0315,      C=  -0.1744 
=  -0.0535,        =  -0.1473 


North  stars. 
South  stars. 

and  consequently  the  annual  terms, 

North  stars.  0.177  COS  (0—10.2) 

South  stars.  0.157  COS  (0—19.9) 

The  amplitude  and  epoch  practically  agree,  and  thus  the 
e. inclusion  on  p.  4,  no.  313,  that  no  sensible  error  in  the 
temperature-coefficient  is  to  be  feared,  is  satisfactorily  con- 
firmed. 

Lastly,  we  have  to  examine  the  question  spoken  of  on 
p.  3,  concerning  the  effect  of  neglected  errors  of  runs.  It 
will  be  remembered  that  Aiby  found  evidence  that  in  both 
of  these  instruments,  this  error  was  subject  to  a  seasonal 
variation,  although  no  numerical  determination  of  the 
relation  of  the  observed  changes  to  actual  changes  of  tem- 
perature was  ever  made,  so  far  as  I  kuow.  A  similar  depen- 
dence of  error  of  runs  on  temperature  was  also  distinctly 
shown  by  Laugieb  in  the  Ganibey  Mural  Circle.  In  all 
three  of  these  instruments  the  graduation  was  on  the  edge 
of  the  circle,  and  the  microscopes  were  directed  radially, 
which  might  naturally  give  rise  to  an  error  of  this  sort.  If 
such  an  error  exists  it  would  tend  to  vitiate  the  coefficients 
of  the  annual  term  ;  hence  it  is  vitally  important  to  assure 
ourselves  in  the  matter.  We  have  a  means  of  doing  this 
which  seems  to  me  entirely  satisfactory,  even  in  the  absence 
of  any  record  of  the  errors  of  runs.  A  variation  of  runs 
dependent  on  temperature,  and  thence  on  season,  must  be 
directly  proportional  to  the  amount  of  the  runs.  If,  there- 
fore, we  separate  the  stars  into  two  classes  comprising  large 


and  small  runs,  respectively,  and  hud  the  constants  of  the 
annual  term  from  each,  their  disagreement  will  show 
whether  such  an  error  exists  to  an  appreciable  amount. 
Since  the  constant  G  is,  normally,  somewhere  near  0°  for 
the  Greenwich  meridian,  the  epochs  of  minimum  and  maxi- 
mum latitude  for  this  term  lie  near  the  vernal  and  autumnal 
equinoxes,  respectively.  The  extremes  of  temperature  occur 
somewhat  after  the  solstices.  We  should  therefore  antici- 
pate that,  if  such  an  error  existed,  the  value  of  G  derived 
from  stars  with  large  runs  would  be  thrown  toward  one  oi 
the  solstices  by  an  amount  greater  than  that  derived  from 
stars  with  small  runs.  The  coefficient  /•.,  would  also  be 
sensibly  different.  To  apply  this  test  I  separated  the 
stars  according  to  amount  of  the  runs,  excluding  of  course 
those  in  which  the  pointer-readings  changed  during  the 
series,  or  which  had  different  pointer-readings  on  the  two 
circles  on  account  of  difference  of  index-errors;  in  other 
words,  the  data  were  used  only  for  stars  in  which  the  runs 
were  simultaneously  large  or  small  for  both  circles  during 
the  whole  interval.  Correcting  the  observed  values  of  z/y 
for  the  428-day  term,  and  solving  for  the  annual  term 
alone,  we  get. 

Small  runs,  ?=  —0.0520,     £=—0.1633 

Large  runs,  =—0.0678,        =—0.1906 

Consequently  the  annual  terms  become, 

II  o  ' 

Small  runs,         0.171  cos  (©  — 17.7).  Average  run,  1.4 

Large  runs.  0.202  cos (0-19.6),  "  "     3.9 

The  differences  are  entirely  within  the  uncertainty  of 
the  determinations.  If  we  assume  them  to  be  entirely  due 
to  the  error  we  are  discussing,  the  proportional  values,  for 
Eun  =  0,  give, 

0".154  cos  (O- 16°. (3) 

the  difference  between  which  and  the  last  term  of  (4lh  is 
insignificant.  It  therefore  seems  to  me  that  we  need  not 
fear  any  vitiating  influence  of  this  sort  upon  the  formula 
for  latitude-variation  found  from  Pond's  observations. 

Another  test,  which  bears  on  a  collateral  question,  may 
be  found  from  the  probable  errors  of  observation.  From 
the  discussion  in  the  previous  paper  we  find  from  stars  with 
small  and  large  runs,  respectively,  the  value  of  ;•'  for  groups 
south  and  north  of  30°  declination, 


South 

North 

Mean  by  wts 

Small  runs, 

±0.277 

±0.244 

±0.266 

Large  runs, 

±o.2<)4 

±0.281 

±0.287 

The  neglect  of  the  errors  of  runs  would  therefore  seem 
to  have  affected,  by  a  moderate  amount,  the  accidental  error 
of  observation. 

The  next  matter  to  be  presented  is  the  aberration- 
constant,  and  the  parallaxes  of  those  stars  for  which  the 
data  appear  to  be  reasonably  determinate. 
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OBSERVATIONS   OF 


VARIABLE   STARS   OF 

IJy  PAUL  S.  TEXDELL. 


LONG-PERIOD,  1893-1894, 


893.     UCeti. 
Ten  observations  of  this  star,  from  1893  Nov.  30  to  L894 
Jan.  8,  indicate  a  maximum  of  (>M.7.  on  1893  Dee.  25. 

1574.      W  Tauri. 
Twenty-three  observations  of  W  Tauri,  from  1893  Dec. 
4  tn  1894  Mar.  19,  indicate  a  maximum  of  about  8"  1894 
Feb.  H>. 

1582.     S  Tauri. 
Seven  observations,  from  1893  Dec.  29  to  1894  Feb.  5.  in- 
dicate,  not    very   certainly,   a   maximum  of    about  9M.8   on 
1894  Jan.  21.     The  star  is  very  difficult  of  observation  with 
my  telescope. 

1(11'.'!.      7'  ( 'ami  lopardalis. 

T  Camelopardalis  was  first  seen  1893  Sept.  13,  at  which 
observation  it  was  estimated  at  t0*.5;  my  observations  indi- 
cate a  principal  maximum  of  8M.l  on  1893  Dec.  •>',  ■  this 
was  followed  by  a  rapid  decline  to  8".6  about  1894  Jan.  10, 
rising  again  to  a  second  maximum  of  8 ".25,  1894  Jan.  23; 
a  rapid  decline  followed  this  maximum,  and  on  Feb. 9  a 
light  of  9". 0  is  indicated;  an  interval  of  bad  observing 
weather  prevented  further  observations  until  Mar.  1.  when 
it  was  again  found  at  9M.0;  this  seems  to  agree  with  J.  A. 
1' \kkiui:>  r'>  third  maximum  of  Feb.  19.  as  the  star  was 
fading  at  a  rate  of  a  magnitude  in  twenty  days  during  late 
January  and  early  February;  the  discordance  between  my 
magnitudes  and  Mr.  Parkhurst's  is  probably  due  to  the 
difference  in  the  apertures  employed,  the  star  being  very 
red. 

1717.      VTauri. 

From  1893  Dec.  27  to  1894  Mar.  7,  I  have  fourteen  ob- 
servations of  this  star;  a  maximum  of  about  9".0  is  indi- 
cated on  1894  Jan.  31. 

L805.      V  Ononis. 

The  observations  of  this  star,  which  resulted  in  the  con- 
firmation of  its  variability,  published  in  this  Journal,  XIII, 
p.  1S7.  have  been  continued,  and,  up  to  Mar.  7.  number 
twenty-four.  It  rose  steadily  and  rapidly  to  a  maximum 
of  8M.4.  which  is  very  sharply  indicated  on  lS'.if  Jan.  13; 
this  was  thirty-four  days  alter  the  date  of  the  first  obser- 
vation; the  decrease  has  been  regular,  though  somewhat 
less  rapid  ;  and  the  star  passed  below  the  reach  of  my  tele- 
scope, probably  about  sixty  days  after  the  maximum;  the 
date  of  this,  however,  is  not  certain,  as  no  observation  was 
made  from  Mar.  7.  when  it  was  estimated  at  10M,  to  Mar. 
23,  when  it  is  recorded  as  not  seen,  the  limit  of  vision  being 
assumed  as  <11U.0. 


The  comparison-stars  are 


DM. 


./   =   DM.  +3°764 

9.4 

9.6 

b  =               4  832 

9.3 

9.2 

<•  =               3  760 

9.3 

s.s 

d  =               3  768 

9.0 

8.6 

e  =               3  762 

s.s 

s.l 

DeB.vll's  maximum  of  1891,  published  in  the  current 
volume  of  this  Journal  p.  7,  makes  it  possible  to  make  a 
verj  fan-  estimate  of  the  star's  elements.  The  two  Bonn 
observations  in  1S55  and  185(5  are  assumed  to  indicate  a 
maximum  occurring  in  the  interval  between  them,  as  it 
seems  very  improbable  that  the  star  should  have  passed 
from  9*.2  to  its  minimum,  certainly  <  12",  and  increased 
again  to  9". 2  in  the  space  of  fifteen  days:  assuming  that 
the  Bonn  estimate  of  magnitude  is  equivalent  to  8".9  on 
the  scale  of  magnitudes  in  the  column  Y.  the  interval  be- 
tween its  passing  that  brightness  on  its  increase  and  again 
on  its  decrease,  in  m\  observed  maximum  given  above,  is 
from  dan.  1  to  Jan.  29;  and  as  a  maximum  seems  likely  to 
have  taken  place  on  1856  dan.  I,  it  is  assumed  for  that 
date. 

The  period  most  nearly  satisfying  this  maximum,  with 
DeBali.*s  and  my  own.  is  one  of  2(57  days:  assuming 
De  Ball's  maximum  as  the  principal  epoch,  this  period 
rives  dates  as  follows  : 


+ 


1856  Jan.  4 
1891  Feb.  10 
1894  Jan.  13 


By  the  use  of  these  elements,  the  dates   when    1    looked 
for  the  star  unsuccessfully  are  accounted  for  as  follow-  : 


Dale 

Julian  Dale 

Limit 

E 

I  'omp.  Max. 

t—r 

1X92  Jan. 

1 

2412(»:  is 

M 

1 

241204] 

ii 
+   57 

Mar. 

G 

2412164 

<10 

1 

a 

+ 1 23 

Mar. 

19 

2  412177 

<11 

1 

a 

+  136 

Oct. 

21 

!•  U2393 

<11 

•  > 

2  412308 

-1-   85 

Nov. 

11 

2  412414 

<11 

•  i 

(t 

+  10(5 

Nov 

24 

2  412  427 

<11 

2 

it 

+  119 

Dec. 

9 

L'  112  442 

<11 

2 

it 

+  134 

1893  Feb. 

5 

2412500 

<  1 1  .5 

3 

2  111' 575 

-    75 

Nov 

30 

2  U2798 

11.. -.-12* 

4 

2412842 

-   44 

I  would  therefore  suggest,  as  provisional  elements  : 
E  =  1891  Feb.  10=2398954     +267dE. 

Using  these  elements,  the  computed  maxima  for  the  next 
two  years  are  : 

1894  Oct.  7         1895  Julj  2         1896  -Mar.  24 

♦Glimpsed. 
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1981 .     S  I  'amelopardalis. 

The  observations  of  this  star  have  been  kept  up  as  con- 
tinuously as  possible;  and  a  minimum  is  indicated  1893 
Oct.  27,  al  an  estimated  magnitude  of  10M.2;  this  was  fol- 
lowed l'\  a  rapid  rise  to  a  maximum  of  8a.3,  which  is  indi- 
cated on  189*  Feb.  22;  on  Mar.  1(1  it  had  fallen  to  8 ".8. 

From  a  careful  discussion  of  all  the  available  data,  the 
average  period  of  tin-  star  appears  to  1"'.  very  closely,  292 

da\  - 

2258.      VAurigae. 

1    have   seventeen    observations  of  VAurigae,  extending 

from  L893  0ct.l2  to  1894  Mar.  7,  on  which  latter  date  it 

was  found  to  be  invisible,  the  limit  of  vision   at   that  time 

being  assumed  as  IP1.").     Tlio.se  observations  show  no  cer- 


tain maximum;  the  star  at  the  first  mentioned  date  was 
estimated  at  9".0 ;  at  the  next  two  observations,  Oct.  L5 
and  IS.  it  was  rated  only  halt'  a  step  brighter,  and  from  the 
latter  date  it  decreased  steadily  ;  the  maximum,  according 
to  the  (dements  in  Chandler's  Second  Catalogue,  would 
occur  on  Nov.  2;  this  date,  however,  is  very  uncertain,  and 
the  general  indication  of  my  observations  is  thai  the  period 
assigned  is  too  long  by  several  days,  as  the  maximum,  in 
all  probability,  occurred  before  <  let.  12. 

2742.     S  Geminorum. 
Ten  observations,  from   L893  Dec.  26  to  1894  Feb.5,  in 
dicate   that   this  star  passed  a  well-marked  maximum  of 
SM.4  on  1894  Jan.  •'! ;  at  the  last  observation  its  light   was 

estimated  as  9J'.4. 


Dorchester,    \tass.,  1894  March  28. 


OBSERVATIONS   OF   COMET  a  1894  {denning), 

\I\HK    AT    THK    IHlll.F.Y    OUSKKV  V  To  IIV , 

By  LEWIS  Boss. 


No. 

<#- 

"*               1 

^*s  apparent 

1"S  p\ 

1894  Albairj   M.T. 

* 

Comp. 

Ja 

JS 

a 

S 

torn       j      ford 

March  27 

h        m       s 

8  58  31 

1 

10  ,  9 

— 0m29!<)2 

i           n 

-1  10.9 

ll             111           s 

9  59     4.09 

+  81   34  56.2 

«8.931 

0.235 

29 

12     3  36 

2 

11 

+  0  45.20 

+  6  16.7 

Id     6  45.24 

+  30  24  42.1 

9.479 

0.398 

April       1 

11    18  55 

3 

5 

-4     4.89 

-7     9.6 

10  16    16.99 

+  2S  47  40.7 

9.338 

0.382 

6 

13     4  7>4 

4 

16,8 

+  0     0.62 

+  5     4.8 

10  81'  14.41' 

+26     6  56.8 

9.7.91 

0.563 

9 

9     4  29 

5 

13 

_0  55.85 

-2     1.3 

10  40     7.12 

+  24  40   L6.5 

»8.670 

0.434 

1 

2 
3 

4 


59 


31.02 

7)7.97 


9 
10 

10  20  49.S1 
10  32  13.80 

lo   11      1.01 


Mean  Place*  for  1894.0  of  Comparison- Stars. 


lied.  l<> 
app.  place  i 


8 


Red.  to 

app.  place 


Authority 


+  2.09 
f  2.07 
+2.07 
+  1.9S 
+1.96 


+  81 
+30 

+  2S 

+26 
+24 


36 

IS 

7.4 

1 

12 


6.1 

25.0 
51.0 
53.5 

20.1 


+  1.0 
+  0.4 
-0.7 
-1.5 

-2.8 


Leiden  A.G.  Zones,  163  and  278 

Leiden  A.C  Zones.  87  and  39 

W.B.X,  8(1  Land  comp.  with  W.B.  X.  391 

W.l!.  X.7.94.  and  comp.  with  BB.VI,  26°2119 

DM.  24°2269comp.  with  B.B.  VI,  24°2270 


The  above  observations  were  made  with  the  new  Pruyn 
Equatorial  of  twelve  inches  aperture  This  telescope  was 
made  h\  Warner  &  Swasky,  of  Cleveland,  —  the  optical 
parts  are  li\  .Loin  A.  Brasheau  >>i  Allegheny,  lVnn.  The 
position-micrometer  was  received  at  the  Observatory  on 
March  24;  the  arrangements  for  illumination  are  tem- 
porary, anil  the  adopted  value  of  a  screw  revolution, 
though  probably  near  the  truth,  is  provisional  only.  The 
chronograph   has  not  yet  been  received  ;  consequently  the 


eye-and-ear  method  was  employed    in    obtaining  the  fore- 
going observations. 

The  coordinates  of  the  new  Dudley  Observatory  are  for 

the  p resent  assumed  to  lie  : 


;.  =  4" 


42°  39'  18". 


April9.    DM.24  2269-  B.B.  VI.  24=2270:     /«  = 
J#=+'10'  18".3.      Comet  observations  difficult. 


'.09; 
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OBSERVATIONS   OF   COMET  a  1894  (denning), 

MADE    A  I     IHK    CINCINNATI    OBSERVATOKY, 

By  .1.  G.   POUTER. 


189J  Cincinnati  M.T. 

* 

No. 

(  inii|i. 

Ja 

-* 

/S 

&/'s  apparent 
a                          8 

logpA 
Cora       j     ford 

March  29     8  23"' 57° 

1 

8 

111           s 

+  (l   3 7.1 15 

-11    40.0 

li     m       s 

10  6  21.02 

+30  28  ::<;.;; 

ra9.219      0.183 

8  23  57 

'J 

8 

Til  21.35 

+  10   16.5 

io  6  21.39 

+30  28  41.8 

30     8  28  36 

•  > 

4 

-0  25.28 

+   5  28.8 

io  9  50.10 

+  29  55  47.1 

»9. 195 

0.187 

8  28  36 

i 

4 

8 

-1  50.57 

-   3  27.0 

io  !»  49.89 

+29  r,r,  45.0 

1 

Mean  Places  for  1S94.0  of  Comparison- Stars. 

* 

° 

Red.  to 
itpp.  place 

8 

Red.  to 
app.  place 

Authority 

1 

ll               Ml            S 

lo     5  40.99 

+  24  is 

4  30  40   15.9 

+  0.4 

Leiden  A.G.Z.,  2  obs. 

2 

10     5  57.97 

+  2.07 

+  30   18  25.0 

+  o.:; 

Leiden  A.( I.Z..  2  obs. 

3 

io  io  L3.31 

+  2.07 

-t  29  50   18.3 

0.0 

Leiden  A.G.Z.,  2  obs. 

4 

10   11   38.38 

+  2. OS 

+  29  59    12.1 

-0.1 

Leiden  A.G.Z.,  2  obs ;  Bonn 

VI 

FILAR-MrCROMETER   OBSERVATIONS   OF  COMET  a  L894  (denning), 

MAIM:     VI    THE    11ALSTKI)   OBSEBVATORY,    PRINCETON,    \..l..    Willi    L'lI-IM'll     ll.l  KSCOPE, 

Bi    TAYLOR  REED. 


189-1  Eastern  Stand.  Time 

* 

No. 
Comp. 

la 

-* 
./S 

^'s  apparent 
a                         8 

logpA 

for  a       1     ford 

March  27  11  20  25 

30  10  58     0 

April    6  11   15  20 

11   56     0 

1 

•> 
• » 

3 

10.10 
4 
4 

8 

-  6.53 

—  10.30 

+  19.66 

-4  36.1 

+  3     7.5 
-1   55.9 

ll           111         B 

9  59  '-'(i.55 
10    10     5.50 

10  29   L3.25 

+  31  31   31.0 

+  29  53  25.7 
+  26    to  42.3 

9.202 
9,174 

0.249 
0.378 

Mean  Places  for  1S94.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

5-                       Red.  to 
o                i   app.  place 

.Authority 

1 

>> 
•  1 

ll            111          8 

9  59  30.99 
io  io  13.29 

10   28   51.59 

+  2.087         +31    36     6.1 

+  2.052       +29  50  is.:; 

+  1.995         +20   42  39.8 

+  0.9.S 

-0.12 
-1.59 

Leiden  A. (J. Zone  Hi.'!. 120. 
Leiden  A.G.Zone  237,67 . 
Paris  12944 

239,66. 

The  observation  of  March  27  is  uncorrected  for  refraction.     "  Eastern  Standard  Time"  is  ">''  slow  of  Greenwich  M.T. 


OBSERVATIONS   OF   COMET  a  1894, 

MADE    AT    llll     OBSERVATORY    OF    THE    CATHOLIC    UNIVERSITY,    WASHINGTON,    l'.< 

By  Rev.  G.  M.  SEARLE. 


1 
I.s'.m  Greenwich  M.T.   ) 

* 

No. 
Comp. 

Ja 

-* 
,/S 

&  x's  apparent 
a                          8 

loirpA 
fora      1     forii 

April  2 

h       m       s 

15  51    56 

1 

4 

til          S 

-4     9.69 

t          n 

-   (i     8.2 

ll           in          8 

10   19  55.74 

)  28    15  50.9 

9.190 

0.2  11 

15  51   56 

*> 

4 

-1   27.25 

-   S    14  2 

10    19  55.50 

4  28   15  56.3 

.. 

.. 

3 

14   17  56 

.  ) 

6 

+  o  5o. oo 

+    1      2.9 

10  22  51.1  1 

*  27   46   14.7 

«8.735 

0.231 

4 

14  29  47 

4 

5 

+  :;    3.88 

-13  42.7 

10  25  55. 4  S 

*  27    14   13.7 

//S..",94 

0.2  IS 
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Mean  Places  for  1804.0  of  Comparison- Stars. 


lied,  to 

8 

lied,  to 

* 

a 

app.  place 

app.  place 

Authority 

o            '            » 

// 

1 

10  24     3.37 

+  2.06 

+  2s  22    6.0 

-0.9 

W.I'..  X.  439 

2 

lit  21   20.70 

+  2.05 

+  2S   24   41.1 

-0.6 

B.B.  VI,  281879 

3 

10   22      2.12 

+  2.02 

+  27    15  12.6 

-0.8 

W.B.  X.  386 

4 

lu   22    19.60 

+  2.00 

1  27   27   57.2 

-o.s 

Lalande  20291 

COMETS  OF   THE   YEAR   1893. 

The  dates  are  in  Greenwich  Mean  Time,  and  the  Elements  only  approximate. 


Desig- 
nation 

Perihelion 

a 

CO 

t 

9 

* 

Discoverer 

Date 

Synonym 

I 
11 
111 
IV 

Jan.      6.496 
July     7.283 
July   L2.182 
Sept.  L9.268 

185  38 
337  20 

52  28 
174  54 

85°  13 

47     8 

315  14 

347  33 

O           1 

143  52 

159  58 
3    2 

129  48 

1.1951 
0.6746 

0.8135 

o      1 

46  1 

Brooks 

Naked  r\  e 

Finlay 
Brooks 

1892  Nov.  19 

1893  May  17 
Oct.   16 

>,  1892 
b  1893 

a  1893  [ 
c  1893 

Periodic 

COMET  b  1894. 


A  comet  was  discovered  by  Gale  at  Sydney,  N.S.W..  in  the  position 


1894  April  2.944  Greenwich  M.T. 
It  is  round  and  bright,  with  condensation. 


30m  486, 


5  =  -55°  38'. 


COMET  c  1894. . 

A  bright  comet,  with  tail,  was  discovered  by   Holmes  at  London,  in  the  roughly  approximate  position 
1894  April  9.5  Greenwich  M.T.         «  =  17"  58™         8  =  +71°  30'. 


NEW    ASTEROID. 
Prof  Kreutz  announces  that  a  new  planet  has  been  discovered  by  Bigourdan  at  Paris. 
BC       13M       .March  24     10"  26m.O  Paris  M.T.       a  =  9h  24'"  56s;       8  =+4°  42'.        Daily  motion.  -60s  in  a,  0'  in  5. 


NOTICE. 
Prof.    VAndeSande  Bakhuyzen   asks   that   any   unpublished  observations   of  the   variable   star   0794  E  Lyrae,  made   during   the 
years  1880-1882,  may  lie  made  public,  or  communicated  to  Mr.  A.  Pannekock  of  the  Leiden  Observatory,  who  is  engaged  in  the  study 
of  that  star. 

CORRIGENDA. 
No.  314,  p.  13,  Obs.  of  B  Trianguli,    for    Dec.  12,     put     Dee. -.'1.  No.  314,  p.  13,  Comp.-Star  for  S Lacertae,    for     <>    put     Q. 
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THE   SECULAR   PERTURBATIONS  OF  URANUS  ARISING  FROM  THE  ACTION 
OF   XEPTUXE,   DETERMINED   BY   THE   METHOD   OF   GAUSS, 

By  T.  J.  J.  SEE. 


The  celebrated  method  discovered  by  Gauss,  in  1818, 
for  determining  secular  perturbations  by  rinding  the  at- 
traction of  a  certain  form  of  elliptical  ring  which  will  give 
the  same  mean  action  as  the  moving  planet,  has  been  fully 
developed  by  Dr.  G.  W.  Hill  in  his  important  Memoir  on 
"Gauss's  Method  of  Computing  Secular  Perturbations'' 
(Astronomical  Papers  prepared  for  the  useofthe  American 
Ephemeris,  Vol.  I,  1SS2).  M.  Callaxdheau  has  supple- 
mented this  work  of  Hill  by  a  valuable  paper  entitled 
"Calcul  des  Variations  Se'ci/Inln-a  dr.*  Element*  des  Orbites" 
(Annates  de  V Observatoire  de  Paris.      Tome  XVIII,  1885). 

Both  of  these  Menu  irs  emphasize  the  superior  advantages 
of  the  method  of  Gauss,  which  involves  the  use  of  elliptic 
integrals  of  the  first  and  second  kinds;  and  since  no  great 
number  of  applications  of  the  method  appears  as  yet  to 
have  been  made,  it  may  not  be  without  interest  to  determine 
in  this  manner  the  Secular  Perturbations  of  Uranus  de- 
pending upon  the  action  of  Neptune. 

If  it  were  desired  to  determine  the  secular  variations  for 
all  time,  it  would  of  course  be  necessary  to  use  the  absolute 
mean  elements,  which  are  independent  of  the  long-period 
inequalities  ;  but  owing  to  the  uncertainty  still  attaching  to 
the  elements  of  Neptune,  and  the  masses  of  the  two  planets, 
this  would  at  present  be  quite  impracticable.  And  since 
our  object  is  rather  to  determine  the  secular  variations 
which  are  going  on  in  the  heavens  at  the  present  time,  it  is 
necessary  to  employ  the  elements  of  Uranus  and  Neptune 
as  corrected  for  the  4000-year  inequality,  which  for  a  simi- 
lar reason  have  been  adopted  in  Hill's  "New  Theory  of 
Jupiter  "nd  Saturn"  (p.  109;  161).  Hence  the  elements  of 
Uranus  and  Neptune  employed  in  the  present  research  are 
those  found  by  Newcomb  in  his  investigations  of  the  orbits 
of  these  planets  (Smithsonian  Contributions  tn  Knowledge, 
No.  199,  p.  7i'.;  No.  262,  p.  181);  but  on  the  suggestion  of 
Dr.  Hill,    the    mass    of  Uranus    has    been    diminished    to 


ssluifj  which  is  the  value  now  accepted.     The  elements  of 
Newcomb,  with  the  modern  mass  of  Uranus,  are  as  follow  3 : 


Uranus. 

o  i        n 

L  =    28  IT.   17.Ho 
n  =  1GS  15     6.7 
£  =    73  14     8.0 
('  =      o  46  20.54 
e  =  0.0469236 
n  =  15425".752 

log  a  =  1.2831044 


Neptune. 

O  f  " 

L'  =  335     5  3S.91 

n<  =     43  17  30.3 

&'  =  130     7  31.83 

/'  =        1  47     1.68 

e' 


n 


i 


o.itas4962 
864".935 


i 


I  :,  7  i.ji 


logfl'  =  1.4781  11  I 


Epoch  1850.0,  Greenwich  Mean  Time. 

The  calculation  of  the  auxiliary  constants  has  been 
throughout  very  carefully  checked,  and  it  is  hardly  pos- 
sible that  there  can  remain  any  sensible  error  in  the  result. 
Using  the  notation  of  Hill,  we  find 


I  = 

1  30   27.73 

log     K 

=  9.9999853 

n  = 

12  43  24.93 

log    k' 

=  9.9999976 

ir  = 

247  4o  12.27 

logC 

=  8.8147322 

K  = 

124  58  15.51 

C 

=  0.0652728 

K'  = 

124  58     9.81 

Dividing  the  circumference  of  the  orbit  of  I'm  mm  into 
12  parts  with  respect  to  the  eccentric  anomaly  K.  we  have 
computed  the  values  of  the  functions  given  in  the  ac- 
companying tables.  The  computations  are  checked  at  the 
bottom  of  the  columns,  where  2\  and  X,  denote  respecl  ively 
the  sums  of  the  1st,  3d,  5th,  etc.,  and  of  the  2d.  4th,  61  h,  etc., 
tabular  numbers.  An  inspection  of  the  tables  will  show 
that  the  agreement  is  in  all  cases  very  satisfactory.  If  we 
divide  the  numbers  at  the  bottom  of  the  last  five  columns 
(2,,  +  I!)  by  12,  we  shall  get  by  simple  quadrature  the 
average  values  of  the  several  tabulated  functions,  which  are 

(25) 
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the   well-known  expressions  entering  the  differential  co- 
efficients  of  tin-  elements.     We  find 


'da 

~~dT 

''  de 

IF 

dt 
'  di' 

~di 

dt 

'  dn 
It 
'clL 

~dt 


=  0 

=       -42".03144m' 

=  +8787".847m' 
> 

=     -212".8323w' 

> 

=  -r-2307".319m' 

i 

=  +8788".056m' 

i 

=  _  7264".  147  m) 


where  the  mass  of  Neptune  is  left  indefinite.  If  we  use  the 
mass  of  Neptune  found  by  Newcomb,  which  is  -j^Vnr)  vve 
shall  obtain,  for  the  secular  variations  per  Julian  year,  the 

following  numerical  values  : 


de 

In 


dt 

~~  di 
IF 

dSi 

,// 
'dn 

dt 
~dL 
~dt 


=  -0".002133575 

=  +0".4460836 

=  -0".01080367 

i 

=  +0".1171228 
i 

=  +0".4460942 

=  -0".3687385 


Assuming  the  mass  of  Neptune  to  be  j.,]^,  LeVerrier 
has  given  (Annulet;  de  I'Obserrattiire  de  Paris,  Tome  XI, 
p.  86-88)  the  following  values,  deduced  from  the  series  ex- 


panded   in   powers  of  the  eccentricities  and  mutual  incli- 
nat  inn  id'  the  planes  of  the  orbits  : 

de 
It 


dxl 

dt 

di 

~di 

da 

dt 
da 


dt 

dL 


dt 


=  _0".003911 

» 

=  +0".60819 

=  _0".014787 

=  +0".15778 

=  +0".60820 

=  _0".50397 


The  secular  variation  of  the  longitude  of  the  epoch  is 
given  by  LeVerrier  in  Tome  XIII,  p.  168. 
dn 


The  coefficient 


dt 


was  not  stated   by  LeVerrier, 


but  has  been  derived  by  the  writer  from  the  preceding 
values  by  means  of  the  usual  formula  and  the  elements 
employed  by  LeVerrier,  which  are  as  follows  : 


I'm  mis. 

e  =  9607".30 

m  =  168°  16'  45".0 

i  =      0    4<i   29  .91 

SI  =    73    14  14.4 


Neptune. 

=  179S".53 


m>  =    47°  14'  37".3 
/'  =      1    46  58  .97 
Q>  =  130      6  51  .6 

Epoch  1850.0. 

As  the  mass  of  Neptune  used  by  LeVerrier  was  about 
37  per  cent,  larger  than  that  here  employed,  it  is  evident 
that  his  differential  coefficients  should  be  diminished  by 
about  this  amount  in  order  to  make  them  comparable  with 
the  values  found  above.  We  also  see  that  LeVerrikk's 
elements  do  not  exactly  agree  with  those  assumed  here, 
and  hence  it  is  probable  that  the  remaining  differences  are 
due  to  differences  in  the  elements  employed,  or  to  the  de- 
gree of  approximation  to  which  his  calculation  was  ex- 
tended. 


E 

l°g>" 

V 

A 

£ 

logU 

log  g 

0 

0 

1.2622321 

o    '    // 

0  o  0 

1 233.434 

124°  18  34^44 

2.7369001 

4.1224970 

30 

1.2650.S73 

31  22  22.27 

1234.602 

156  1  10.20 

2.7376693 

3.5080326 

60 

1.2727937 

62  21  25.03 

1245.967 

187  25  38.25 

2.7450069 

2.5277270 

90 

1.2831044 

92  11  22.21 

1264.781 

218  7  49.00 

2.7566374 

3.9092128 

120 

1.2931761 

122  IS  8.17 

1286.152 

247  57  49.42 

2.7691393 

4.2871200 

150 

1.3004037 

151  19  5.32 

1304.204 

277  1  0.04 

2.7791714 

4.3665454 

180 

1.3030194 

180  0  0 

1313.807 

305  33  48.00 

2.7843265 

4.2040716 

L'lo 

1.3004037 

208  40  54.68 

1312.230 

333  58  24.12 

2.7834925 

3.6662272 

240 

1.2931761 

237  41  51.83 

1300.053 

2  37  58.31 

2.7769100 

1.6928580 

270 

1.2831044 

207  18  37.76 

1280.834 

31  52  38.25 

2.7660966 

3.7923606 

300 

1.2727937 

297  38  34.97 

1259.869 

61  55  27.43 

2.7536593 

4.2133094 

:;:;n 

1.2650873 

328  37  37.73 

1242.629 

92  48  14.31 

2.7428748 

4.2994412 

^ 

.  .  . 

7639.282 

929  49  15.85 

6.5659421 

X 

7639.280 

1109.49  15.98 

6.5659420 

.  .  . 
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E 

h 

l 

G 

G' 

G" 

6 

O 

0 

904.1990 

329.1695 

904.1735 

329.2395 

0.0445383 

37  7 

5.25 

30 

904.1989 

330.3372 

904.1920 

330.3549 

0.0107843 

37  11 

22.88 

60 

904.2162 

341.6857 

904.2155 

341.6874 

0.0010910 

37  55 

54.08 

90 

904.2329 

360.4829 

904.2164 

36Q.5243 

0.0248889 

39  9 

26.29 

120 

904.2391 

381.8476 

904.1990 

381.9447 

0.0560862 

40  32 

18.94 

150 

904.2282 

399.9102 

904.1772 

400.0255 

0.0642991 

41  41 

44.91 

180 

904.2176 

409.5240 

904.1818 

409.6028 

0.04.",  1 969 

42  18 

18.67 

210 

904.2046 

107.9606 

904.2036 

407.9835 

0.0125696 

12  12 

1.33 

240 

904.2154 

395.7719 

904.2153 

395.7721 

0. 11377 

-11  25 

15.56 

270 

904  l':;:;: 

376.5349 

904.2207 

376.5661 

0.0182073 

40  11 

28.59 

300 

904.2312 

355.5728 

904.1983 

355.6566 

0.0508177 

38  50 

36.44 

330 

904.2169 

338.3469 

904.1780 

338.4510 

0.0651166 

37  43 

25.15 

y 

5425.3185 

2213.5715 

5425.1834 

.  2213.9031 

0.1958678 

23S  9 

28.94 

■E. 

5425.3152 

2213.5727 

5425.1879 

2213.9053 

0.1958658 

238  9 

29.15 

E 

log  i\ 

log  i. 

logij 

log  jv 

logP 

logQ 

logF 

O 

0 

0.15164665 

0.47034123 

0.39644965 

9.5248055 

4.0826005 

6.9649820 

6.9649566 

30 

0.15229788 

0.47116899 

0.39736543 

9.5:: l  its i 

4.0898153 

6.9722776 

6.9722714 

60 

0.15915897 

0.47988018 

0.40700954 

9.. 553  4  421 

4.1207773 

7.0041793 

7.0041785 

90 

0.17093687 

0.49479346 

0.42350271 

9.5858238 

4.10811489 

7.0530423 

7.0530282 

120 

0.18490107 

0.51240954 

0.44295677 

9.6199214 

L2197491 

7.1065873 

7.1065557 

150 

0.19718862 

0.52785261 

0.45998576 

9.6466738 

4.2619576 

7.1503752 

7.1503391 

180 

0.20388324 

0.53624396 

0.46922874 

9.6586117 

4.2823026 

7.1715639 

7.1715397 

210 

0.20272048 

0.53478763 

0.46762523 

9.6522240 

4.2744672 

7.1635770 

7.1635699 

240 

0.19422059 

0.52412728 

0.45588006 

9.6292695 

4.2408532 

7.1288778 

7.1288778 

270 

0.181.-;  1 91  s 

0^50789763 

0.43797703 

9.5962076 

4.1915388 

7.077,9014 

7.0778912 

Mllll 

0.16786708 

0.49091135 

0.41921146 

9.5621268 

4.1404619 

7.0250502 

7.0250214 

;;:;u 

0.15721514 

0.47741398 

0.40427997 

9.5360663 

4.1009099 

6.9840611 

6.9840241 

2i 

1.06167760 

3.01391354 

2.59073622 

7.5481770 

5.0867446 

2.4012403 

2.4011297 

-£> 

1.06167817 

3.01391430 

2.59073612 

7.5481736 

5.0867377 

2.4012346 

2.4011269 

E 

log  -h 

log  J2 

log  J3 

log-Fj 

log  Fa 

log  Bo 

log  So 

O 

0 

30 
60 

90 
120 

1  5i  i 

181) 

210 
240 
270 
300 
330 

2.9562584 
2.95011)18 
2.9559712 
2.9559842 
2.9561278 
2.9562598 
2.9502578 
2.9501202 
2.9559840 
2.9559688 
2.9561014 
2.9562622 

0.56 1  .)i  .ii 

0.1971495 

»9.8843134 

»0.4525539 

»0.6350081 

&0.6907277 

&0.6375570 

»0.4107610 

8.5504550 

0.4355171 

0.6589839 

0.6887818 

i). 7077489 
1.20M8825 
1.3533713 
1.3627156 
1.2388812 
0.8410835 
raO.7287171 

„1. 2100808 

al.3582100 
pl.3674640 
&1.2451710 

wO.8566133 

»3.5393572 

«3.2321250 

2.7419725 

3.4327151 

3.6216687 

3.6613814 

3.5801445 

3.311222.", 

»2.3245377 

»3.3742890 

a3.5847634 

«3.6278293 

n  1.9278  175 
tel.4904951 

0.5625334 
rel.2773921 
„  1.9915s:  18 
»2.0817730 
&2.0094221 
»1.6237710 

0.2798454 
»1.0355820 
n  1.8059  711 

,1-1. -ISM 

9.2912445 
9.2972477 
9.3215929 
9.3584836 
9.3984384 
9.4303739 
9.4447S95 
9.4373780 
9.4106660 
9.37271)92 
9.3341121 
9.3046472 

&6.8916885 
»i6.7934509 
ra5.6485440 
6.8948119 
7.1540282 
7.1603209 
6.9253983 
5.9975631 

»6.504 17 

B6.6215902 
&6.6821020 
»6.8109588 

3 

^2 

7.7367012 
7.7367030 

:  :  :        :  :  : 

•  •  • 

6.2008434 
6.2008396 

+  0.000643966 
+0.000643850 

E 

log  Jr„ 

Bo  sin  r-f- 
So  (cos  r+cos  E) 

— Bo  cos  r+ 

o  (      n            \ 

Wl   cos  » 

Wo  sinu 

-2  -  Bo 
a 

'•\acoS^+1rmv 

o 

0 
30 

60 

7.6631491 
8.1750511 
S.3576418 

-0.0015585 
+  0.1021492 
+0.1857185 

-0.1955440 
-0.1699135 
-0.0973695 

-0.00040258 

-0.1)0887792 
-0.02103091 

+0.00458651 
+0.01204621 
+0.00876584 

-0.3727357 
-0.3804176 

-0.4095550 
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E 

log  H', 

Bo  sin  0+ 
S0  (cos  v+cosE) 

— i?0  COS  I)  + 

W0  COS  !( 

Wa  sin  a 

-2  -  Ba 
a 

11  \  a  cos '<f        1 

0 

90 
120 

150 
ISO 

210 
240 

270 
300 
330 

8. 11 52785 
8.3428369 
7.9815365 
&7.9108239 
«8.3757056 
»8.4870409 
nS.  I  |56l  78 
n8.2722482 
//7.MS5921 

+  0.2280000 
+0.2100781 
+0.1267686 
—0.0016843 
-0.1315657 
—0.2172635 
—0.2356104 
-0.1916579 
0.1061047 

+0.0122819 
+0.1361909 
+0.2377495 
+0.2784773 

+  0.2100761 
+0.1381156 

+  0.0119050 

—0.0992939 

—  0.1715269 

—0.02578332 
-0.01751279 
—0.00384690 
—0.00071208 
—0.01317819 
-0.027277SS 
—0.02787787 
—  0.01575816 
-0.00313279 

—0.00348871 
-0.01335014 
—0.00877782 
+0.008]  11'  55 
+0.01976124 
+0.01407069 
—0.00113275 
—0.01010078 
—  0.00632301 

—0.4565765 

-0.5123186 
-0.5606647 
-0.5830884 
—0.5697801 
-0.5269479 
-0.4717797 
—0.4215328 
-0.3869546 

-2.8261784 
-2.8261732 

-0.00814422 

-0.00814355 

-0.0163676 
-0.0163670 

+  0.1605762 
+0.1605727 

-0.08269440 

O.OSL'69099 

+0.01208467 
+0.01208517 

2i+X 

-0.0327346 

+0.3211489 

-0.16539139 

+  0.02416984 

-5.6523516 

The  University  of  Chicago,  1894  March  15. 


ON   THE   ELEMENTS   OF   THE 

By  N.  C. 

In  no.  312  of  the  Astronomical  Journal,  Mr.  Yendell  has 
published  an  important  series  of  observations,  as  well  of 
even  as  of  uneven  minima  of  this  star.  Mr.  Yendeli.  has 
also  compared  his  observations  with  the  elements  in  Chand- 
ler's last  Catalogue  of  Variable  Stars,  and  found  very  con- 
siderable discordances  between  observation  and  computation. 
Yet  a  closer  examination  of  Mr.  Yendell's  communication 
shows  that  in  the  comparison  of  the  observations,  he  has 
taken  no  account  of  the  discordance  which  I  have  found  in 
the  periods  for  the  even  and  uneven  minima,  possibly 
resulting  from  a  revolution  of  the  line  of  apsides. 

I  have  consequently  made  a  new  comparison  of  the  ob- 
servations with  the  ephemeris  in  the  Vierteljahrsschrift  der 
Astronomischen  Gesellschaft,  deduced  from  my  last  ele- 
ments, and  have  found  the  following  discordances  between 
observations  and  computations : 


I  Even  Epochs 

II  Uneven  Epochs 

E  =  1562 

O-C 

=  + 

38.0 

E  =  1623 

0-C=-  86.7 

1570 

— 

1.5 

1625 

-  96.3 

1598 

— 

10.2 

1637 

-  76.6 

1612 

+ 

2.0 

1651 

[-140.7] 

1626 

1628 

+  55.6 
[  +  102.7] 

16i  i 
1679 

—  78.9 
-  92.6 

1634 

+ 

56.1 

1636 

+ 

69.L' 

1644 

+ 

48.5 

1646 

+ 

18.5 

1648 

+ 

19.5 

1666 

+ 

8.6 

1668 

+ 

38.4 

1670 

+ 

64.3 

1672 

+ 

35.3 

1674 

+ 

45.1 

1682 

+ 

6.3 

1688 

+ 

16.7 

VARIABLE   STAR    Y  CYGNI, 

DUNEK. 

A  glance  at  these  discordances  shows  that  it  would  not 
be  easily  possible  to  do  away  with  them  by  any  probable 
change  in  the  elements,  even  if  the  bracketed  discordances 
were  rejected.  At  the  same  time,  however,  some  improve- 
ment in  the  elements  seems  to  be  requisite.  I  have  there- 
fore combined  these  discordances  in  the  manner  shown  by 
the  lines,  and  have  thus  formed  the  following  new  normal- 
minima. 

E 


1586 
1640 
1649 
1674 


Normal-minimum 

2719.666 

2800.596 
2813.737 
2851.526 


In  the  same  way  as  in  my  paper  ••  Sur  les  Elements  de 
VEtoile  Variable  Y Cygni"  pp.  131,  2,  an  even  or  uneven 
number,  for  the  epoch  of  the  normal-minimum,  signifies 
that  the  same  is  formed  of  even  or  uneven  minima  respec- 
tively. In  order  to  be  able  to  employ  my  earlier  compu- 
tations in  the  farther  discussion,  I  have  also  compared 
these  normal-minima  with  the  original  elements, 

Min.  1886.0   +  343'U749   +ld.498124  E  (Paris  M.T.) 

and  thence  found  the  following  new  equations  of  condition. 

Even  Epochs  Uneven  Epochs 


dE  +1586dP  =  +0.167 
dE  +1640dP=  +0.198 
dE„  +1674dP=  +0.192 


dE.  +1649-//'=  -0.144 


By  comparison  of  these  equations  with  those  given  on 
p.  330  of  my  paper  I  have  obtained  for  the  elements  the 
following  corrections : 

,jE  =  -0*.0026,     dP  =  +0".0O0112 
,jEo  =  _0'1.0538,     dP=  -0d.000030 


X°-  316. 


THE     A S TRONOMIC A L     J 0 U  E  X  A L . 


29 


For  comparison  I  also  quote  those  given  in  my  treatise, 


dE„ 


+0*0078, 


(/p=  +0*000097 


,//•'  =  -0*.0659,        <IP  =  -0".(  iu(ii  HI 
From  these  we  obtain  the  following  elements  : 

epochs,       Min.  =  1886+343J.472:: 

+  1.''498236£  (Paris  M.T.) 

Uneven  epochs,   Min.  =  1886+343d.4211 

+  ld.498094£  (Paris  M.T.) 

The  residual  errors  are 


E 

O— C 

E 

o— c 

a 

.1 

12 

-0.(i(i.-, 

1191 

_  U.I  MIS 

175 

-0.(il  1 

1192 

—0.004 

211 

-0.014 

1211 

—0.010 

42(1 

+0.028 

1 252 

_  0.007 

6S9 

+  0.(126 

1297 

+0.016 

721 

-o. ; 

1320 

+  O.OII.-, 

[9521 

[-0.097] 

1586 

—0.008 

1062 

-0.005 

1640 

+  o.ol7 

1148 

—  0.01S 

1649 

-0.O41 

1165 

+0.048 

1074 

+0.007 

1176 

-O.oll 

As  is  natural,  the  magnitude  of  the  errors  becomes  some- 
what increased,  although  not  to  any  considerable  extent. 
If  we  now  investigate  how  far  the  latest  observations  have 
increased  our  knowledge  of  this  star,  we  shall  find  that,  very 
far  from  refuting  my  hypotheses  regarding  the  cause  of  the 
change  of  brightness,  they  have  confirmed  it  throughout. 
The  general  character  of  the  star-system  was  indeed  already 
to  be  regarded  as  fully  proved.  Xow  it  is  also  well  established 
that  the  errors  become  intolerably  large  unless  we  assume 
some  change,  more  or  less  of  the  same  nature  as  a  revo- 

VpscUa,  1894  March  30. 


lution  in  the  line  of  apsides.  In  fact,  the  latest  obser- 
vations of  Mr.  Yexdell  require  a  still  larger  difference 
between  the  periods  of  the  even  and  uneven  epochs.  By 
the  investigation  now  made  this  difference  is  increased  to 
the  considerable  amount  of  126.5,  instead  of  9\3 ;  and,  if 
we  employ  the  form  given  on  p.  332  of  my  treatise,  even  to 
L'.V.o.  instead  of  is. 7. 

As  regards  the  accuracy  with  which  future  minima  can 
be  computed  in  advance,  this  must  not  be  estimated  too 
high.  Certainly,  the  periodic  time  of  the  components  of 
the  system  is  already  determined  very  sharply;  for  the 
new  computation  has  altered  this  by  only  a  small  fraction 
of  a  second.  Yet,  on  the  other  hand,  the  amount  of  motion 
of  the  line  of  apsides  (if  we  adopt  this  view  of  the  phe- 
nomenon) is  not  determined  very  accurately,  and  moreover 
must  soon  change  its  value.  I  have  therefore  not  deemed 
it  necessary  as  yet  to  collect  the  observations  which  may 
perhaps  have  been  made  very  recently  in  Europe. 

But  in  order  to  form  some  idea  as  to  the  accuracy  of  the 
ephemeris  for  this  year  given  in  the  Vierteljahrsschrift,  I 
have  computed  the  minimum,  for  June  1.  with  the  new 
elements.  Judging  from  this,  we  must  assume  that  the 
uneven  minima  will  occur  about  half  an  hour  earlier. 

It  will  lie  impossible  to  observe  the  star  here,  on  account 
of  the  bright  nights:  yet  it  is  much  to  be  wished  that  the 
star  be  very  assiduously  observed  in  middle  or  southern 
Europe.  The  uneven  minima  of  Mr.  Ye.vkki.l  give,  namely, 
a  somewhat  striking  deviation  from  computation  ;  it  would 
therefore  be  very  desirable  that  this  should  be  confirmed 
or  corrected  independently.  The  ephemeris  will,  at  any 
rate,  be  more  than  sufficient  for  due  preparation  for  the 
observations. 


OBSERVATIONS   OF   COMETS, 

MAKE    WITH    THE    1G-IXCH   EQUATORIAL    AXI)    FILAR    MICROMETER   OF   GOORSELL   OBSERVATORY,    AT   XORTIIFIELP.    MINN., 

By  il.  C.  WILSON. 
[Communicated  by  Wm.  W.  Payne,  Director.] 


1894  Northtield  M.T. 


Mar, 


28 
29 


Apr. 


9 
9 
9 
9 
9 
14 


30  50 
25  41 
I'.-,  41 
25  41 
25  41 


10 


8  45 


19 
0 


No. 

Comp. 


#!- 


Ja 


jS 


's  apparent 


log 

for  a 


;>A 
I     ford 


Jan.    6       8     1   59  1 


Comet  1893  IY  (Brooks). 

in        s  h       m        s  o       *  * 

6,4    1+   8   12.451  -  8  11.4      21    19   18.38  |   +73  29  14.1   |    0.171    |  0.166 


Co  met  a  1894  (Denning). 


2 

15,6  1 

3 

2,2 

4 

2,2 

5 

2,2 

6 

2,2 

1 

9,6 

8 

3,3 

+ 

—  I 

-  9 
-10 
+  1 
+  0 


0  32.13 
.",  .-,7.60 
29.50 
31.85 
55.85 
50.35 
5.70 


— 

7 

35.6 

+ 

5 

2o.:i 

+ 

2 

54.5 

+ 

3 

46.9 

+ 

3 

24.6 

+  10 

6.3 

— 

0 

18.2 

10 
10 


10 

10 


3     1.58 
6  34.81 


6  35.14 

17   20.42 


10   2S   7,0.17 


+30  59  19, 
+30  26  30, 


+30  26  29 

+28  42  19 
+26  42  17 


„s.:;:;i; 
nS. 595 


6     /eS.595 
9       9.651 

0     h8.977 


0.308 
0.335 


0.335 
0.635 
0.436 
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Mean  Places  for  1S94.0  of  Comparison- Stars. 

* 

a 

lied,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 

4 
5 
6 
7 
8 

h         m       s 

21  11  11.39 
10     2  27.37 

lo  12  :;o.:;i 
LO  14     3. 
10  16     5. 
10  17  2S.S7 
in  \r,  28.02 
10  28  51.47 

-o".u\ 

+2.08 

+  2.1H 

+  2.12 
+2.04 
+  2.(10 

o          l         ti 

+  7.".  37   L6.5 
+  31     6  54.2 
+30  21      1.7 
+30  23.5 
+30  22.7 
+30  23     5.5 
+  2S  32  18.8 
+  20  42  36.5 

+  0.11 
+0.9 

-0.1 

-0.5 
—  0.2 
-1.3 

B.B.  II.  Zone  32,  no.  10 

Micr.-comp.with  Leid.Z.286, 

Lalande  L9982 

Anonymous 

Anonymous 

Leiden  A.G.Z.  275,  5 

B.B.  VI.  28  L872 

Lalande  20460 

72,  &  Bruss.4207 

Jan.  6.  Comet  c  was  Invisible  in  the  5-inch  finder,  and  very  faint 
in  the  16-inch.  There  was  a  small  condensation  in  the  center,  sur- 
rounded  bj  \  ery  diffuse  nebulosity  about  2'  in  diameter. 

Jan.  2(S.  A  very  faint  glow  was  found  in  the  epheraeris  place  of 
Brooks's  comet,  too  faint  to  measure.  Holmes's  comet  was  looked 
for,  but  no  trace  found. 

March  28.     Comet  a  1S94  is  small,  but  quite  bright  for   its  size. 


It  has  a  well-defined  nucleus  of  about  11  magnitude,  and  a  tail  2'  long. 
Scarcely  visible  in  the  5-inch. 

March  20.  Position-angle  of  tail  164°.0  ;  lengtb.3';  width  1'.  Nu- 
cleus 12u. 

April  1.     Position-angle  170°. 2. 

April  5.  Comet  so  close  to  a  bright  star  that  at  first  it  was  not 
noticed.  R.A.  and  Decl.  measured  directly  with  micrometer  through 
breaks  in  clouds. 


OBSERVATIONS   OF   COMET  a  1894  (denning), 

MADE    AT   THE   CINCINNATI    OB8BBVATOBY 

By  J.  G.  PORTER. 


#- 

-* 

6/  's  apparent 

\ogp± 

1894  Cincinnati  M.T. 

* 

Comp. 

da. 

j§ 

a 

8 

foru 

for  (5 

Mar.  29 

li          til           S 

8  23  57 

1 

8 

Ill         s 

+  0  37.95 

-11  40"0 

h       in        s 

10     6  21.02 

+30  28  36.3 

»9.219 

0.183 

8  23  57 

•» 

8 

+  0  21.35 

+  10  16.5 

10     6  21.39 

+  30  28  41.8 

,,0.219 

0.1  S3 

30 

8  28  36 

3 

4 

-0  25.28 

+   5  28.8 

10     9  50.10 

+29  55  47.1 

»9.195 

0.187 

8  28  36 

4 

8 

-1  50.57 

-   3  27.0 

10     9  49.89 

+  29  55  45.0 

»9.195 

0.187 

Apr.     1 

8  18  53 

5 

8 

—  0   15.55 

+   0  37.5 

10  16  29.14 

+28  50  59.3 

»9.231 

0.239 

2 

7  54  19 

6 

8 

-2  15.42 

+  2  43.8 

10  19  39.42 

+  28  19  20.3 

H9.342 

0.2S7 

4 

8  34  38 

7 

8 

+0  49.04 

+  0  46.7 

10  25  55.43 

+  27  14  35.7 

,,0.109 

0.276 

12 

14  28  35 

8 

12 

-0  42.10 

-   1     0.5 

10  48  32.20 

+  23     3  36.5 

9.685 

0.652 

Mean  Places  for  1894.0  of  Comparison- Stars. 

* 

a 

lied,  to 
app.  place 

S 

Red.  to 

app.  place 

A  uthority 

1 

1          111          s 

10     5  40.99 

+2.08 

+30  40  15.9 

„ 
+  0.4 

Leiden  A.G.Z.,  2  obs. 

2 

10     5  57.97 

+  2.07 

+  30  18  25.0 

+  0.3 

Leiden  A.G.Z.,  2  obs. 

3 

10  10  13.31 

+  2.07 

+29  50  18.3 

0.0 

Leiden  A.G.Z.,  2  obs. 

4 

10  11  38.38 

+  2.08 

+29  59  12.1 

-0.1 

Leiden  A.G.Z.,  2  obs.,  Bonn  VI,  301986 

5 

10  16  42.01 

+  2.05 

+  28  50  22.2 

-0.4 

Bonn  VI,  29°2037 

6 

10  21  52.79 

+  2.05 

+  28  16  37.3 

-0.8 

Cincin.  M.C.,  2  obs.                              [12702 

7 

10  25     4.38 

+  2.01 

+27  13  50.0 

-1.0 

Cincin.  M.C.,1  obs., and  ecu  comp.  with  Paris 

8 

10  49  12.44 

+  1.95 

+  23     4  40.1 

-3.1 

Eq.cornp.withBonn  VI.  23°2275,  Paris  13380, 
[Berl.  A.G.Z.,  3  obs. 

MERIDIAN-CIRCLE   OBSERVATIONS   OF   COMPARISON-STARS, 

MADE    AT   LICK   OBSERVATORY,    MT.  HAMILTON, 

By  R.  H.  TUCKER,  Jr. 
The  stars  used  for  comparison  with  Comet  1893  II,  on 
July  11, 12  and  13,*  have  been  observed  with  the  meridian 
circle,  the  epoch  of  observation  being  1894.22. 

The  following  are  the  mean  places  for  1894.0,  with  the 
corresponding  precessions. 

The  second  star  differs  by  —4"  in  declination,  from  Bessel's  place. 


a 

Prec. 

8 

Prec. 

Wliessel  IX,  56 
IX,  749 
IX, 1204 

h       in     s 

9    6  22.73 

9  37  27.77 
9  59  32.98 

+  3i)67 
+  3.787 
+  3.637 

O         1           If     | 

+  44  44  45.3  -14.57 
+  42  32  16.9-16.30 
+  40    5  50.2-17.35 
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FILAR-MICROMETER   OBSERVATIONS   OF   COMET  a  1894  (denning), 

MADE    WITH    THE    12-IXCH   EQUATORIAL   OF   THE    I.Il  K    OBSERVAIOBY, 

By  E.  E.  BARNARD. 

No.  <^-*  #'s  apparent  ,Qg  ^ 

1894  Jit.  Hamilton  M.T.  *  Comp.  Aa.  JS  a  8  for  a  for<5 

March  SO'1  11"  22'"  3'    |       1       |      9,6      |    +0"'  20M2    |  -1'  49".  1  |  10h  10'"  38s84  |  +29°  48'  30".5  |    9.029  |  0.064 

Mean  Place  for  1894.0  of  Comparison- Star . 

a  Reduction  8  Reduction  Authority 

10h  10'"  13'.65    I     +2-.07    I     +29°  50'  19".6    I    0.0    I    Grunt  2658,  W.B.  X,  161 


* 

1 


About  11*-12M,     1'  diameter.     Indefinite  and  very  faint  nucleus  in  n.p.  part.     Feeble  brushing  out  s.f. 

The  comet  was  observed  March  29  through  clouds,  but  the  comparison-star,  11",  has  not  been  identified  yet.     Cloudy  weather  pre- 
vented earlier  observations. 


OBSERVATIONS   OF   COMET  a  1894  {denmng), 

MADE    AT  THE    DUDLEY   OBSERVATORY, 

By  LEWIS  BOSS. 


1894  Albany  JI.T.                * 

No. 
Comp. 

ti/"s  apparent 

8 

logpA 
for  a       1     for  J 

ll              111            $       1 

April  25     12  35  54         6 
26     10  35  39         7 

10,5 

IS.  6 

lit           S 

-2  42.92 

+  0     5.98 

+  1.3   57..S     11   17  23*75 
-   0  23.8     11  19  14.88 

+  17  16  12.8 

+  16  ;.:;  42.6 

9.565 
9.270 

0.658 

0.600 

Mean  Places  for  1894.0  of  Comparison-Stars. 

* 

a 

Red.  to                       c> 

app.  place                    ° 

Red.  to 

app.  place 

Authority 

6 

7 

h         in    s 

11  20  4.82 
11  19  7.06 

+L85 

+  1.84 

+  17     2  20.8 
+  16  54  11.6 

-5.3 

-5.2 

81  Leonis;  p.m.,  -0S.010,  0".00 
DM.  17°2355,  compared  with  *6 

Though  the  comet  appeated  faint  on  April  l'.">  and  26,  the  central  condensation  was  sufficiently  definite  to  permit  of  fairly  accurate 
measures  in  j8.     The  observations  were  made  with  illuminated  threads. 


April  20,         DJI.  17°2355  —81  Leonis  : 


Ja  =  —0'"  :>7\77:     jS  =  —8'  9M. 


ELEMENTS  AND  EPHEMERIS 

By  LEWIS 
From    observations    made    at   the    Dudley  Observatory- 
March  27.  April  6.  April  9  and  April  26.  the  following  ele- 
ments of  Comet  a  1894  are  derived. 

T  =  1894  Feh.  14.3968  Gr.  M.T. 
to  =  58°  34'50".3) 
Q,  =  75     4  52  .2   -1894.0 
i  =    6   31    57  .3  \ 
log-/  =  0.088634 

C-O:      April*;.     .//.  =  _34",      J,,' =+50"; 
9,    ./;.  =  -15-.      /;=+45" 

Variation  of  the  geocentric  distance  at  the  first  obser- 
vation shows  that  the  normal  parabola  gives  discrepancies 
of  2' in  longitude  at  these  intermediate  dates;  while  the 
discrepancies  in  latitude  are  increased,  if  an  attempt  is 
made  to  diminish  the  errors  in  longitude. 

That  the  eccentricity  differs  sensibly  from  unity  appears 
quite  probable.  Pending  investigation  of  this  point  the 
subjoined  Ephemeris  may  prove  useful. 


OF   COMET  a  1894  (denning), 

BOSS. 


May   2 


E 

PHEMERIS 

FOR 

Greenwich 

Midnight. 

•4 

^pp- 

a 

App.  8 

log  A 

o 

11 

30 

21 

+  14  35.7 

9.9546 

3 

32 

10 

14  13.2 

9.9615 

4 

33 

58 

13  50.9 

9.9684 

5 

35 

45 

13  29.0 

9.9752 

6 

37 

31 

13     7.3 

9.9820 

7 

39 

15 

12  45.9 

9.9888 

8 

40 

59 

12  24.8 

9.9955 

9 

42 

41 

12     4.n 

0.0022 

10 

44 

23 

11  43.4 

0.0089 

11 

16 

4 

11  23.0 

0.0155 

12 

47 

II 

11     2.9 

d.0221 

13 

49 

23 

10  43.1 

0.0286 

14 

51 

1 

lti  23.5 

0.0352 

15 

52 

38 

10     4.1 

0.0416 

16 

54 

15 

9  44.9 

0.0481 

17 

55 

51 

9  26.0 

0.0545 

18 

57 

26 

9     7.3 

0.06i  19 

19 

11 

59 

1 

8  48.8 

0.0672 

20 

12 

0 

35 

8  30.6 

0.0735 

21 

12 

o 

S 

+  8  12.5 

0.0797 

Br. 

0.21 


0.18 


0.15 


0.13 


0.11 
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OBSERVATIONS   OF    COMETS. 

MADE   AT  THE   0B8EB\   \|oi:\    OF    l  in     I    LTHOLIC   UNrVEB8ITT,    WASHINGTON,  D.C. 

Ill     III  v.    (,.    M.   SEARLE. 


1894  Greenwich  M.T. 

* 

No. 

Comp. 

Ja        |        ^8 

&/  's  apparent 
a                         8 

log;>  A 

for  a       |      for  r\ 

Comet  b  1893  (Brooks). 

.luh     15 
17 
19 

h        in         S 

I  1  33     4 

II  23   is 
14  21     0 

1 
2 

3 

4 
5 

5 

Ill            s 

-1  31.8 
-it  38.7 
-0  26.8 

-10  48 

-   6     S 
+   6  41 

)i          in       s 

O             (               » 

9.750 

K.732 
'.t.716 

0.702 
0.676 
0.677 

Comet  c  1893  (Brooks). 

Oct.    17 
23 
29 

22  11  18 
22  20  23 
21   .".4  30 
21  54  30 
21  54  30 

4 
5 
6 

7 
8 

6 
4 
5 

2 
4 

-0  22.3 
-0  35.0 
+  1  17.1 
-1  5.2 
+  0  10.6 

-  6     2 

—  5     5 
+   8  27 
+  6  10 
+  0  19 

12  23     1.39 
12  31     2.45 
li'  ;;<.i  59.23 

13  34  39.5 
17  35  29.1 

21  53  42.4 

«9.672 
»9.672 

w9.688 

0.746 
0.758 
0.726 

Mean  Places  for  1S94.0  of  Comjiarison-  Stars. 

Red.  to 

u                          Hull,  to 

0                 1   app.  place                                          .Authority 

* 

a 

app.  place 

1 

h       in         s 

10  33  59.77 

s 

+  36      3      3.2 

It 

Yarnall  4533 

2 

10  57  17 

,      . 

+  31  43 

.       , 

3 

11  15  29 

+  28     2 

. 

4 

1L'  23  22.80 

+  0.89 

+  13  40  50.0 

-  8.5 

W.B.  XII,  355 

5 

12  31  36.43 

+  1.(12 

+  17  40  44.7 

-10.6 

25  Comae,  Yarnall 

6 

12  38  41.02 

+  1.11 

+  21  45  28.2 

-12.8 

W.B.  XII,  768 

7 

12  41     3 

+  21  47  45 

.    . 

8 

12  39  48 

•    • 

+  21  53     6 

•   : 

COMET  b  1894  (gale), 

From'  observations  of  this  comet  April  11,  12,  13,  tele- 
graphed from  Capetown,  Prof.  Keeutz  computed  elements, 
and  telegraphed  them  from  Kiel. 


T  =  1894  April  13.82  Greenw.  M.T. 
w  =  324°  is' 

'  M.Eq.  1894.0 


9,  =  206     9 
/  =    87    24 

<l  =  0.9856 
From    these    Father 


Seakle  computed  the  following 
ephemeris  for  Greenwich  midnight,  which  was  distributed 
by  tin-   Science  Observer,  on  April  17. 


Br. 


1894  April  28.5 

May     2.5 

6.5 

1H.5 


7  14  40 

8  5  28 

8  47  32 

9  21     0 


—  27  35        5.5 

-11  36 
+  2  44 
+  15  15        3.2 

The  brightness  at  discovery,  Apr.  2,  is  taken  as  unity. 

Mr.  Douglas  of  the  Lowell  Observatory  at  Flagstaff, 
Arizona,  has  telegraphed  that  he  descried  the  comet  April 
26  15h  Greenw.  M.T.  in  a  =  6h  50m  and  8  =  -33°  30'.  A 
second  dispatch  describes  it  as  of  the  brightness  of  a  5* 
star,  having  a  round  central  nucleus  of  about  4'  diameter, 
and  a  narrow  tail,  8'  long. 


SUPPOSED   COMET  c  1891. 

This  object,  announced  bv  Holmes  of  London,  as  discovered  April  9,  proves  not  to  have  been  a  comet; 
nebula  N.G.C.  6503. 


but  the 
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ON    THE    DETERMINATION   OF   THE   PRINCIPAL   TERM   OF   THE   NUTATION. 

By  KURT  LAVES. 


The  differential  equations   for  precession  and  nutation 


(1) 


(  —  - 
V  = 


1      1      bV 

<  '.a  sin  to  bio 
1        1      dV 


C.n  sinco  (V 


inaS+ 


^sin^'j 


Here  m  denotes  the  obliquity  of  the  equator  to  a  fixed 
ecliptic  ;  (,'■,  the  amount  of  retrograde  motion  of  its  nodi-  on 
this  plane.  C'is  the  moment  of  inertia  of  the  Earth  about 
its  axis  of  rotation;  A,  half  the  sum  of  the  moments  of  in- 
ertia about  the  two  principal  axes  lying  in  the  plane  of  the 
equator;  M  and  m'  are  the  masses  severally  <>f  the  Sim 
and  the  Mum ;  /-and  /■'  the  distances  of  their  centers  from 
tlic  center  of  the  "Earth,  8  and  <V  their  declinations. 

The  integration  of  these  equations  gives 


(2) 


CO 


(ft +&**+* 


The  functions  ^  and  Q  designate  here  the  periodical 
terms,  for  which  we  have  the  expressions 

(3)     *  =  ix  sing  +;.._,  sin2&+/,.  sin2([+;.4  sin2©+  .  .  . 
n  =  iVcosft+v2cos2&+z>,  cos2C+v4  cos 20+  .  .  . 

where  Q,  represents  the  longitude  of  the  ascending  node  of 
the  Moon's  orbil  upon  the  ecliptic,  C  and  ©  the  longitudes 
of  Moon  and  Sun. 

The  constants    .•;.  .-;, .  ;.,...  ;.4,  V,  i\2...  <\    depend    upon 

the  elements  of  the  orbits  of  the   Earth  and  Moon,  upon 

C-A 

— — —    and  the  ratio  oi   the  mass  oi  the  Moon  to  thai  oi 

the  Sun. 

Among  all  these  coefficients,  .;i  and  .V  deserve  special 
attention,  since  they  can  lie  determined  independently  by 
direct  observations.  (3  is  called  the  constant  of  lunisolar 
precession;  A  is  the  principal  term  of  the  nutation.  The 
equations  for  (3  and  .Y  are 


p'=  [3.6876097] 


C-A 
C 

A  =  [5.365431 8]  (VtT 


+  [5.937  5945] 
C-A 


1  + 


C-A 
~~C~ 


(4) 


i  +  jU    r 


(See  Hill's  paper,  On  the  Connection  of  Precession  and 
Nutation  with  fin-  Figure  of  the  Earth,  (Astr.  Jburri.,  ho. 
289,  Vol.  XIII.)) 

The  numerical  factors  within  brackets  are  common.loga- 

///'  .  . 

rithms,     a  =  —     is  the   Moon's  mass   expressed   in  units 
in 

of  the  Earth's  mass.  Since  we  can  determine  n  by 
the  lunar  equation  or  by  tidal  observations,  the  ques- 
tion   arises    whether    it    would    not    be    preferable    to    use 

C—  I 
the  equations  (4)  for  finding  A  and  -    „     ,  because  the  de- 


C 
termination  of  A  by  observation  is  not  very  satisfactory. 

Indeed,  the  probable  error  for  .-',  and  A  is  about   ±0".015, 

but  0  is  =  50".382  and  A=  9'{.223;  therefore  §  is  known 

to    .  .',.,,  of  its  amount,  but  Aouly  to  ,.  j  ..      In  former  times 

several  applications  of  this  method  have  been  made.     In 

the  fifth  book  of   the  Mecanique  Celeste,  Laplace    intro- 

i 

which   he   derived   from    the   ob- 


duces  the  value  of 


'  +  ; 


servations  of  the  height  of  the  tides  at  the  harbor  of  Brest, 
into  the  equations  for  p  and  A.  and  derives  a  value  of 
A  =  10".06.  Later  he  reduced  this  value  to  9".65.  Z  \<  it 
started  from  the  value  of  the  mass  of  the  Moon  which  re- 
sulted from  Delambee's  tables  of  the  Sun  and  found 
A=9".C.4S;  Delambre  himself  obtained  A=9".63.  Bes- 
Sel  has  applied  the  value  of  Zach  in  his  Fundamenta 
Astronomiae  for  the  reduction  of  Bradley's  observations. 
In  the  tables  of  the  Sun  by  Hansen  and  Olufsen  the 
value  A  =  '.(".271  is  applied,  which  results  from  Hansen's 
mass  of  the  Moon  and  Bessel's  value  of  p\  Since  1  have 
no  opportunity  to  examine  the  original  papers.  1  have  taken 
these  facts  from  Foekstek's  paper,  Cln-r  ilia  Ltslicri'fn 
An  null  nun  ui  den  Transformations-Elementen  der  astro- 
nomischen  Ortsangabeti,  (published  in  the  Berliner  Asfro- 
nomisches  Jahrbuch  for  1870;  Appendix,  and  reprinted  in 
the  .author's  " Studien  zur  Astrometrie,"  Berlin,  1888 
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I  am  not  aware  of  any  other  attempts,  beside  those  men- 
tioned above,  to  determine  the  constant  of  nutation  in  this 

way.  The  analytical  expressions  for  p' and  A',  determined 
by  Poisscin  and  Serret,  were  exact  only  to  terms  of  the 
order  of  the  squares  of  the  eccentricities  of  the  orbits  of 
the  Moon  and  Earth  and  the  inclination  of  the  Moon's  orbit. 
We  may  also  observe  that  the  elder  determinations  of  the 
Moon's  mass  derived  from  the  Lunar  equation,  or  from  the 
observations  of  tides,  were  considerably  inexact.  Hence  it 
was  very  natural  to  abandon  this  whole  method  for  de- 
termining the  nutation,  and  to  rely  only  upon  the  results 
which  were  obtained  from  the  observations  of  the  fixed 
stars.  But,— as  Hn.i.  has  recently  developed  p'and  V  to  the 
seventh  power  of  small  quantities,  and  thus  rendered  their 
analytical  expressions  very  exact,  and  since  the  Moon's 
mass  resulting  from  the  lunar  equation  can  now  be  de- 
termined with  much  greater  precision  than  hitherto,  — it 
seems  worth  while  to  draw  attention  again  to  this  valuable 
method  for  determining  the  constant  of  nutation. 

in  no.  3156  of  the  Astronomische  Nachrichten,  I  en- 
deavored to  show:  1)  that  the  so-called  lunar  equation  in 
the  heliocentric  motion  of  the  Earth  cannot  be  advan- 
tageously used  for  a  determination  of  the  mean  solar  paral- 
lax, but  ought  to  be  applied  only  in  determining  the  mass 
of  the  Moon  ;  2)  that  by  the  resulting  value  of  the  mass  of 
the  Moon  we  get  a  determination  of  the  nutation  which  can 
only  be  affected  by  a  probable  error  of  ±0".012.  Here  it 
was  assumed  that  the  probable  error  of  the  solar  parallax 
is  ±()".02,  of  the  constant  of  the  lunar  equation  ±0".02, 
and  of  p1  ±0".015  (See  Astronomische  Nachrichten,  Vol. 
CXXXII.  no.  .'!15(i,  Drr  ('t,ijjl<i,nt  drr  smjennnnten  lunaren 
Gl'eieh  ung  der  Erdbewegung  und  die  Verwerthbarkeit  derselben 
fur.  die  Kenntniss  des  Hduptgliedes  der  Nutation). 

Since  some  difficulties  have  recently  arisen  in  connection 
with  the  lunar  equation,  it  seems  desirable  briefly  to  reca- 
pitulate the  principal  points  to  be  considered. 

The  inequality  in  question  is  that  arising  from  the  mo- 
tion of  the  center  of  the  Earth,  T,  around  the  common  cen- 
ter of  gravity,  S,  of  the  Earth  and  Moon.  Since  £  describes 
the  annual  orbit  around  the  Sun,  we  must  compute  for  any 
given  instant  the  coordinates  of  the  center  of  the  Earth,  T, 
with  respect  to  S,  when  we  wish  to  pass  from  the  helio- 
centric coordinates  of  S  to  the  heliocentric  coordinates  of 
T.  Putting  /•,  b,  X  for  the  heliocentric  polar  coordinates  of 
T,  we  shall  have  to  determine  the  perturbations  dr,  8b,  SX 
which  are  due  to  the  presence  of  the  Moon.  Of  special 
interest  for  us  is  <U  for  which  we  have  the  expression 

r'  cos//  sin(C— 0) 


(5) 


dk  = 


1+/ 


sin  1" 


is  a  function  of  the  time.  In  order  to  determine  this  fac- 
tor /'.  LeVerrier  discussed  the  following  long  series  of 
observations  of  tin1  Sun  : 


Greenwich, 

lsii; 
1827  - 

I82<; 
L850 

Paris, 

ISO  l 
1  s  l :, 

- 1814 
1845 

Koenigsberg, 

1814- 

-1830 

He  found 

P  =  6".50   ±0" 

03. 

where  >•',  b',  C  represent  the  geocentric  coordinates  of  the 
Moon.  The  right-hand  member  may  be  regarded  as  the 
product  of  a  constant  factor,  P,  and  a  variable  factor  which 


Recently  the  question  has  arisen,  in  what  manner  LeVer- 
rtek  computed  the  lunar  equation  in  his  discussions  of  the 
observations  of  the  Sun.  and  how  the  quantity  P  was  de- 
fined by  him.  In  no.  3155  of  the  Astronomische  Nachrich- 
Irn.  Newcomb  stated  the  two  ways  in  which  LeVerkiek 
could  have  computed  the  lunar  equation  for  each  obser- 
vation. He  says :  "  There  are  two  methods  of  proceeding 
to  determine  the  motion  in  question.  We  may,  in  effect, 
compute  the  approximate  position  of  the  Moon,  including 
equation  of  the  center,  evection  and  variation,  and  thus 
determine  the  corresponding  coordinates  of  .the  Earth  rela- 
tive to  the  common  center  of  gravity.  These  coordinates, 
referred  to  the  Sun,  as  variations  of  the  heliocentric  position 
of  the  Earth,  will  then  give  the  inequality  sought.  This  is 
substantially  what  LeVerrier  has  done  in  his  tables  of  the 
Sun.  But  the  separate  computation  of  the  inequality  in 
this  way  for  each  observation  is  extremely  laborious.  It 
is  therefore  desirable  to  develop  the  inequality  in  question 
so  as  to  present  it  in  tables  whose  arguments  increase  uni- 
formly with  the  time.  Put  when  we  do  this  we  find  that 
the  mean  orbit  of  the  Moon,  as  viewed  from  the  Sun,  is  not 
a  circle,  but  that  it  is  systematically  flattened  in  the  direc- 
tion of  the  syzigies,  and  elongated  in  the  direction  of  the 
quadratures.  This  is,  in  fact,  the  effect  of  the  Variation. 
It  follows,  therefore,  that  if  we  should  consider  that  as 
applicable  to  the  determination  of  the  inequality,  the  latter 
would  be  systematically  too  small  in  longitude,  and  too 
large  in  radius  vector."  Since  with  each  of  these  methods 
the  constant  will  be  different,  it  is  an  important  question 
whether  LeVerrier's  value  of  P  =  6".50  should  be  con- 
sidered as  the  value  of  the  coefficient  corresponding  to  the 
first,  or  to  the  second  method.  On  account  of  the  great 
labor  which  the  former  method  entailed,  Newcomb  sup- 
posed that  LeVerrier  probably  would  have  used  the 
second  method.  Concerning  this  supposition,  E.  J.  Stone 
has  called  attention  to  the  fact,  that  in  an  example  which 
LeVerrier  gives,  he  used  the  true  longitudes,  and  not  the 
mean  longitudes;  accordingly,  we  see  that  LeVerrier 
followed  here  the  first,  and  not  the  second  method ;  and 
"it  would  therefore  be  scarcely  probable,"  continues  Stone, 
■'  that  LeVerrier  should  have  taken  all  the  necessary  pre- 
cautions in  working  out  an  example,  and  yet  should  have 
neglected  the  precautions  necessary  to  obtain  an  accurate 
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value  of  the  angle  from  a  discussion  of  such  an  extended 
series  of  observations"  (See  Monthly  Notices,  Vol.  I.I  11. 
no.  6,  April,  1893).  In  my  Inaugural  Dissertation  I  was 
led  to  exactly  the  same  result.  (See  Beitrage  zur  Bestim- 
a,  a  in j  inn!  Verwerthung  der  Bewegungder  Erde  um  den  Schwer- 
punktdes  Systems  Erde-Mond,  1891,  Universitat  zu  Berlin). 
Although  Stone's  argument  seemed  very  conclusive,  I  be- 
lieved  that  a  hnal  decision  of  the  question  could  only  be 
given  by  a  careful  examination  of  LeYerrier's  manuscripts 
in  Paris.  At  my  request,  ML  Gaii.i.ot  of  the  Paris  Obsei  - 
atory  has  critically  examined  the  original  manuscripts,  and 
has  just  published  Ins  very  interesting  results  in  the  Bulle- 
tin Astronomique,  Tome  XI.  Fevrier,  1894  (Sur  I,  de- 
termination du  coefficient  de  Pequation  lunaire  effeetueepar 
LeVebbier).  He  confirmed  Stone's  opinion  and  my  own. 
that  LeYereier  had  calculated  rigorously  the  lunar  equa- 
tion at  intervals  of  two  days.  Besides  that.  M.  Gaillot 
points  out  the  important  fact  that  LeYerrier's  constant 
must  be  increased  by  +0".03,  owing  to  a  small  systematic 
error,  affecting  the  Solar  Tables  of  Delambre  used  in  the 
calculations.  M.  Gaillot  has  kindly  communicated  to  me, 
in  a  letter  dated  Jan.  10,  1894,  the  result  of  his  examina- 
tion of  LeYereier's  definition  of  the  constant  P.  He 
writes:  " Le  coefficient  de  Fequation  lunaire  est  Wen  definie 

inn-  LeYesrtes.  tel que vous  Pavez  compris,  — —  — ; — : — -r^." 
1  '  1  +  M  "  sin  1" 

Starting  from  the  lunar  equation, 


and  assuming 
we  rind 


n  =  0.016577.  PI  + 


7! 
1 


S".80,     P  =  6".53, 


1+-  =  81.29. 

Dividing  the  equation  for  ;j  l>y  that  for  N,  in  (4),  we  ob- 
tain   i  =  [8.321' 177  9]  fl+i)  +  [0.5721627]  ;  introducing 

the  value  for  (l  +  -\  and  the  value  50".382  for  ft  we  find 

N  =  9".260. 

The  relation  of  3*  to  the  quantities  P,  n,  p1,  c  (eccentricity 
of  the  Moon's  orbit)  is  given  by  the  equation  (see  Astron. 
Nachr.  no.  3156). 

dN  =  0.45  dP  -  0.34  dti  +  0.17  d$  +  0.002  dc. 

We  see  that  a  variation  in  the  values  of  P  and  n  affects 
the  value  of  N  the  most.  With  the  assumed  probable 
errors.  — 

JP  =  ±0".O2     J*  =  ±0".02     J5  =  ±0".01.-,     dc=±V.O. 

we  obtain     JX  =  ±0".012. 

An  accurate  determination  of  P  and  n  is  therefore  of 
fundamental  importance  for  the  constant  of  nutation  also. 
It  is  a  curious  fact,  that  all  the  determinations  of  A*  obtained 
by  this  method  give  results  considerably  larger  than  those 
which  are  derived  directly  from  observations  of  the  stars. 

Hitherto  P   has    been   determined   only  from    the  me- 


ridian observations  of  the   Sun  ;    LeYerrier  found,  from 
such  observations  extending  over  58  years,  P=6".53  ±0".03 
(corrected  value);  Newcomb,  from  observations  extending 
over  18  years.   P  =  t>". .'>.'>  ±0".06;  Deichmuller,  from  ob- 
servations extending  over  7  years,    P  =  6". 75  ±0".ll.     It 
seems    scarcely    possible   that   the    accuracy   obtained    by 
LeVebbieb  f rom  so  long  a  series  of  observations  will  be 
surpassed  by  further  accumulations  of  observations  of  the 
Sun,  since  some  systematic  errors,  which  in  these  observa- 
tions cannot  be  avoided,  vitiate  the  results  deduced  from 
them.     But  by  the  heliometric  observations  of  such  pla 
as    come    nearer   to    the   Earth   than  the    Sun,  we  have    a 
method,  which,  by  its  accuracy  as  well  as  by  the  possibility 
of  measuring  larger  angles  than  is  possible  in  the  ca-< 
the  Sun,  seems  likely  to  become  of  the  greatest  importance 
for  measurements  of  extreme  precision.     Since  Mars  can 
come  as  near  to  the  Earth  as  about  0.4  of  the  planetary 
unit,  half  of  the  major  axis  of  the  ellipse  which  T  describes 
around  S  would  be  observed  under  an  angle  of  about  16". 
I  have  discussed  the  excellent  heliometer  observations  of 
Mars,   which   Dr.  Gill    has    made    in    1877    at   Ascension 
Island,  and  from  which   he  has  deduced  a  very  accurate 
value  of  77.  and  I  have  derived    P  =  6".53  ±0*05.     It   is 
a  very  striking  fact,  that  here  the  probable  error  is  rela- 
tively so  very  small,  although  the  observations  extend  only 
over  two  months.     This  fact  on  the  one  hand  establishes 
the  high  accuracy  of  the  heliometric  observations  of  Dr. 
Gill,  and  shows  on  the  other  the  superiority  of  this  method 
of  deriving   /'  as   compared  with    the   method  depending 
upon  observations  of   the  Sun  (See  Memoirs  <>f  tin'  Royal 
Astronomical    S,,,-!, ■/;,.  Yol.  XLYI,  1880-S1  ;    compare  also 
Xewc  mmb's  paper  in  no.  311  of  the  AstronomicalJournal : 
"Considerations  on  the  P>est  Method  of  Determining  Po- 
sitions of  the  Planets  by  Observation,"  1894). 

And  now  it  is  evident  that  the  great  mass  of  material 
which  the  large  number  of  small  planets  afford  ought  to  be 
utilized  in  a  systematic  manner.  The  orbits  of  such  planets 
which  come  nearer  to  the  Earth  than  the  unit  of  planetary 
distance  ought  to  be  carefully  examined  and  ephemerides 
of  all  possible  accuracy  computed  for  their  oppositions. 
Since  the  number  of  such  planets  which  are  advantageously 
situated  is  not  large,  the  amount  of  labor  spent  in  this 
direction  need  not  be  so  very  great.  Professor  Tiet.iex's 
intention  to  discontinue  the  careful  computation  of  the 
orbits  of  such  planets  as  do  not  belong  to  the  class  above 
mentioned,  is  fully  justified:  and  the  office  of  the  Berliner 
Jahrbuch  will  doubtless  now  begin  the  careful  investigation 

of    the    orbits    of     these    iv    interesting    planets.     The 

photographic  observations  of  such  planets  as  are  not  to  be 
more  critically  investigated  will  afford  sufficient  material 
for  keeping  track  of  them.  Great  help  will  certainly  be 
secured  for  the  investigation  of  such  interesting  orbits  by 
the  application  of  the  method  of  Gylde.v  and  by  the  con- 
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struction    of  tables  for  the    small    planets,  founded   upon 
this  method. 

In  order  to  observe  such  planets  during  their  opposition, 
bj  Gill's  tteliometric  method,  a  sufficient  number  of  stars 
near  the  apparent  path  of  the  planet  in  opposition  oughl 
to  be  selected  as  comparison-stars.  By  meridian  observar 
tio*ns  the  positions  of  these  stars  are  to  be  determined;  as 
far  as  possible  the  relative  positions  are  to  be  measured  by 
tin'  heliometer,  in  order  to  correct  the  results  of  the  me- 
ridian observations.  In  this  manner  a  homogeneous  system 
"l  fundamental  stars  will  be  obtained.     The  photographic 

The  University  of  Chicago,  1894  April. 


chart  uf  the  heavens,  when  completed,  will  be  of  consider-. 
able  importance  for  this  work.  11  many  beliometric  obser- 
vations of  favorable  planets  are  thus  secured  by  different 
observers,  we  shall  certainly  be  able  to  obtain  material 
which  will  give  the  value  of  P  and  .7  with  a  probable  error 
not  exceeding  ±0".01.  The  probable  error  of  the  constant 
of  nutation  would  thus  be  reduced  to  ±0".006,  a  degree  of 
accuracy  which  could  probably  not  be  obtained  h\  the 
method  of  determining  N  from  meridian  observations  of 
stars  near  the  pole. 


ELEMENTS   AND   EPHEMERIS   OF  PLANET  (175)  ANDROMACHE, 

[Letter  from  Mr.  Berbekich  to  the  Editor.] 


As  1  have  already  written  you.  I  computed  the  pertur- 
bations produced  by  Jupiter  and  Saturn,  from  1893  August 
hack  to  1S77  October,  using  the  method  of  variation  of  the 
elements.  The  interval  was  40  days  for  Jupiter,  1893  to 
1882,  and  80  days  for  1882  to  1877,  as  likewise  for  Saturn 
for  the  whole  period  of  16  years. 

Following  are  the  uncorrected  elements  for  the  three 
observed  apparitions : 


r=  1877  Oct.  11.0 

1892  March  6.0 

1803  A  ay.  s.i) 

M  =     30  54  33.4 

210  23  44.9 

299      4    11.0 

w  =  208  33  36.2 

299  44  19.9 

299  49     1.8 

Q,  =    25  36     3.8 

l'.-.  27   18.6 

25  27  14.8 

i  =      3  11  42.8 

3  10  54.0 

3  10  51.4 

«.  =     12  12  12.2 

11  41     8.2" 

11  39  45.8 

n  =  618".51716 

614".8089 

014".94300 

logo  =  0.505770 

0.507511 

0.507448 

The  epochs  are  expressed  iu  mean  time  Berlin;  the  po- 
sition of  the  orbit  refers  to  the  mean  equinox  1890.0. 

The  effect  of  the  great  perturbation  by  Jupiter  will  best 
be  seen  by  comparing  the  elements  corresponding  to  the 
same  relative  positions  of  the  two  bodies.  Thus  we  have 
for  the  epochs  when  the  difference  of  heliocentric  longitude 
U  —(175)  was  180°,  the  following  values  of  /u.  aud  a> ; 

v  =  12° 


/x  =  017".  122 
=  014  .859 


=  11 


9'  28" 
in   13 


if  =  12°    7'  42" 
=  11   38  30 


1881  November, 
1893  February, 
and  for  the  difference  =  110° 

1883  March,  ^  =  617".838 

1S94  August,  =  615  .334 

The  time  of  conjunction  of  Jupiter  and  Andromache  was 
1887  May  17;  the  result  of  the  perturbation  is  a  decrease 
oi  the  mean  motion  by  about  2".5,  and  of  the  angle  of  eccen- 
tricity by  29'.  Comparing  the  observations  with  the  ele- 
ments given  above,  I  found  the  following  deviations  (O  — C)  : 

1S77  October  16.5970  bG  =  +  8593*8  bg  =  +7 V> 

1892  March      4.5000  +     SI. 7,  +  <i<; 

1893  May       19.3919  -       0.1  -0.3 
August     1.3961  —       0.1  +0.1 


Here  G  is  the  longitude,  and  g  the  latitude  with  respect 
to  the  plane  of  the  orbit.  The  high  amount  of  the  first  bg 
is  almost  wholly  produced  by  the  perturbations,  as  the  com- 
parison with  the  elements  of  1893  gives  only  bg  =  +492". 
It  seemed  necessary  to  apply  some  corrections  to  the  orbit 
before  computing  the  ephemeris  for  the  next  opposition 
which  will  nearly  coincide  with  the  perihelion-time  of 
Andromache,  where  any  error  of  the  planet's  place  will  ap- 
pear increased  in  consequence  of  the  relatively'  small  dis- 
tance from  the  earth. 

From  the  four  places  already  mentioned,  I  found 

T  =  1893  Aug.  8.0 


bM0  =  +0     4.0 

bi  =  +0     8.6 

bco  =  -7)  27.0 

cV  =  — 1  37. 0 

bQ  =  +o  56.0 

<V=  -0".72588 

The  residuals  between  observation  and  computation  are 
now  reduced  to 


1877  Oct.  16 

1892  Alar.    4 

1893  May  19 
Aug.    1 


bG 


=  +35.7 
=  -  0.3 
=  +   1.0 

=  -  0.4 


*.'/ 


+  4.8 
0.0 
0.0 

-1.0 


A  more  exact  refinement  of  the  orbit  of  (175)  Andromache 
will  only  be  possible  after  including  the  observations  of  the 
present  opposition.  Taking  into  account  the  perturbations 
by-  the  two  great  planets,  we  obtain  the  following  elements, 
upon  which  the  ephemeris  depends. 

T  =  1894  Aug.  23.0  Berlin  ALT. 
.1/=      3°  52'  54".5 
w  =  299    40      4  .9 
Q,  =    25    27    32  .5 

10    59  .4 

36    51  .4 


3 

<f   =        11 

,*=  614".63354 

log  a  =  0.507593 


M.  Equ.  1 890.0 


The  planet  is  now  approaching  Jupiter  again,  and  will  be 
in  conjunction  with  it  in  1898.  The  great  perturbation 
will  then  repeat  itself,  although  to  a  smaller  amount.     But 
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as  the  position  of  the  conjunction  is  shifting  by  only  11'° 
every  11  years,  there  will  still  follow  several  perturbations 
retarding  the  planet's  motion.  The  final  effect  must  be  a 
very  large  one,  and  Andromache  will  remain  behind  its  un- 
disturbed place,  perhaps  for  a  whole  century.  This  planet 
therefore  deserves  peculiar  attention,  for  it  will  furnish 
an  excellent  means  for  determining  an  accurate  value  of 
the  mass  of  the  planet  Jnj>if>  ,-. 


1894 


July 


Ate. 


KriiEMi.Kis   Fin;   Keki.ix  Midnight. 


A.i!.  app. 

ll  111  s 


Decl.  app. 


14 

22  41  ::i 

-12  50.7 

If. 

41  22 

11'  53.4 

18 

41     4 

12  56.5 

I'd 

4(1  40 

13     o.l 

''_' 

40  10 

13     4.2 

24 

39  :;i 

13     8.7 

20 

38  53 

13  13.7 

28 

38     6 

1.'!    10.0 

30 

:!7  14 

13  24.7 

1 

36  17 

13  30.7 

3 

35  M 

13  :i7.1 

5 

34     7 

13   13.7 

7 

:;i>  56 

13  50.5 

9 

31  41 

13  7.7.4 

11 

30  22 

14     4.5 

13 

22  20     o 

-14  11.7 

log  A 
0.2431 

0.2200 

0.2132 


logr 
n.  Ilii;, 

o.4io:; 
0.4102 


0.2029         0.4103 


1S94 

Aug.  1  5 
17 
10 
21 
23 
27. 
27 
29 
:;i 

Sept.    2 

4 

(i 

S 

10 

12 
14 
1(3 
18 
20 
22 
24 
26 
28 
30 
Oct.      2 


A.R.  app. 

h       in       s 

22  27  35 
26     s 

11  39 
23     8 

21  :!7 
20  5 
18  33 
17  1 
15  30 
14     1 

12  ::i 
11    o 

0  17 
8 
7 
6 
4 

:;  56 
1'  .v.i 
2     S 

1  22 
(i  42 

22     o     7 
21  .v.i  38 

21    .V.)   10 


Decl.  app. 


29 

14 

4 

57 


-14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
17. 
15 
15 
15 
15 
15 
17. 
15 
15 
1.-. 
15 

ts 

15 

-1.-. 


ls.o 
20.1 

33  3 

40.4 
17.:; 
.Vl.o 
o.r. 
0.7 
12.7 
is.;; 
23.  1 
2S.2 
32.5 
36.3 
39.7 
42.6 
44.9 
40.7 
ls.o 
48.7 
48.8 
48.4 
I7..V 
lo.o 
44.0 


log  A 
0.1000 

0.1946 

0.1974 

0.2040 
o.l' 1  Vi 
0.2306 

o.l'  iso 


log  r 
0.4104 

0.4107 


A  variation  of  ±1'"  in  A.R.  produces  on.,  of  ±6' in  Decl. 
Brightness  of  Andromache  at  (.[.position  =  loM. 


OBSERVATIONS   OF   COMET  b  1894  (gale), 

MADE    AT    THE    (  IXCIXXATI    OBSEBVAT-OBY, 

By  J.  G.  PORTER. 


1894  Cinci 

inati  M.T. 

* 

No. 
Comp. 

zla 

-* 
/S 

->     s  apparent 

a                         8 

logpA 

'   for  a       1     for<S 

April  28 

ii      in     s 
s      2   2  1 

1 

9  .  9 

111          S 

+  o  24.04 

+  .-.  48.1 

ll          111          s 

7   17     O.S4 

-20    lo  14.4 

9.583 

0.846 

20 

s  i':;  23 

2 

10  .  s 

-0  18.72 

-5  36.6 

7  30  4S.1T, 

-12  42     3.9 

9.587 

0.832 

:;o 

s  ic,  56 

3 

lo  .  1 

-1   14. .-.7 

+  .">     0.7 

7    I.",  48.27 

-is  39   ls.o 

9.550 

0.830 

.-ill 

s  n;  56 

4 

10  ,4 

-1    10.00 

+  o    14.9 

7  43  48.35 

-is  39  10.0 

9.550 

0.830 

May     2 

s  58  2i' 

5- 

10  .  s 

+  1     3.28 

-2  56.6 

8     s  39.84 

-lo   16   10.7 

9.573 

0.701 

4 

s  58     o 

6 

s  .  s 

+  1  41.65 

+  2  lo.:. 

8  3o  48.92 

-  2  is  59.8 

9.544 

0.758 

i 

0   ll'  44 

. 

12,  12 

+  o  32.99 

-5     1.4 

s  v.i  52.05 

+  8     9  46.0 

9.544 

O.0S7 

Main   Places  for  1S04.0  of  Comparison-Stars. 


* 

a 

Ued.  to 
app.  plan- 

§ 

lted.  to 
app.  place 

Authority 

1 

ll         ill          B 

7   16  36.83 

-o!o3 

3              '                ft 

-26    lo  55.7 

it 
-6.8 

Gould,  G.C.  9374 

2 

7  :;i     6.89 

+  O.09 

-22  36  21.0 

-6.3 

Weiss-  Lrgi  1  5755 

3 

7  47.     2.65 

+  0.19 

-18    II    22. 8 

-5.8 

Eq.  comparison  with  Weiss-Argel.  6051 

4 

7  45     4.82 

+  0.19 

-18  39  vs. ; 

-5.8 

Eq.  comparison  with  last 

5 

8     7  36.18 

+  0.38 

-10  13  18.9 

-4.2 

W.  Bessel  VIII,  120              [and  Karlsruhe 

6 

8  29     6.71 

+  0.56 

-    2   21    10.7 

-2.6 

Paris  10.V2S  and  eq.  comp.  with  Paris  10532 

7 

8  59  18.23 

+  0.83 

+   8  14  47.0 

-0.2 

\V.  Bessel  VIII.  1458 

38 
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MICROMETER  OBSERVATIONS   OE   COMET  b  1894  (gale), 

MADE   AT    CHE  <    vnioi.n     OTUVEBSITY,    WASHINGTON,    D.C., 

B-s    Bi  v.  GEORGE  M.  sKAKI.K. 


1894  Greenwich  M.T. 

* 

No. 
Comp. 

Ja 

-* 

6/"s  apparent 

8 

log 

for  a 

PA 

ford 

April  30 
May       1 

h        m       s 

14     8    11 
11     8  41 
i:;    17     0 
1.",    17     0 
14     1  59 

1 

•  > 

.'! 
4 
5 

3 

3 
5 

5 
2 

III           8 

+  2  41.76 
-1     8.74 
-0  27.28 
_0  53.40 
+  3  13.02 

/        if 

+  2      1.1 
+  3  22.1 

-4  2:;.  7 

+  2  58.4 
-7  59.2 

ll             111           s 

7  43  56.52 

7   50    ls.nl 
7  ."".6  L8.01 
7  56  26.51 

-18  36    17.7 

-14  32  31.9 

-14  32  30.7 
-14  29  37.2 

'.Mil.-. 
9.615 
9.565 

9.565 
9.590 

II.S06 

ii.  mm; 

0.810 

n.  Mo 
li. SO- 

Mean  Places  for  1894.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Bed.  to 
app.  place 

Authority 

1 

o 

3 
4 
5 

h      m       s 

7  41  14.58 
7  45     5 
7  56  45.00 
7  57  11.12 
7  53  13.22 

+o!i8 

+  0.19 
+  0.29 
+  0.29 

+  0.27 

-18  38  46.1 
-18  40     4 
-14  28     3.1 
-14  35  23.9 
-14  21  33.1 

-5.7 
-5.8 
-5.1 
-5.2 
-4.9 

Weiss-Axgelander  5984 
Comparison  with  Star  1 
Weisse-Bessel  VII,  1619 
«           "      VII,  1636 
"           "      VII,  1526 

OBSERVATIONS   OF   COMETS, 


MADE   AT   THE 

DUDLEY   OBSERVATOKY, 

By  LEWIS  BOSS. 

1894  Albany  M.T. 

* 

No. 
Comp. 

£/ ^                                      o/  's  apparent 

Ja                JS                     a 

8 

log 

for  a 

PA 

ford 

Comet  b  1894  (Gale). 

ll       in      s 

May  1     9  15  37 

2  8  31  13 

3  8  56  49 

1 
o 

o 
O 

16  ,  8 

16,8 
18  ,  6 

Ill           S 

-0  15.34 
+  0  43.93 
+  2     3.98 

-0  26.8 
+  2  49.2 
+  0  41.3 

ll         111           S 

7  56  29.54 

8  19  41.29 

-14 
-   6 

28 
20 

34.0 
41.7 

9.588 
9.507 
9.532 

0.819 
O.S25 
0.739 

Comet  a  1894  (Dexxim;i. 

Apr.  27   10  51     7 

29  10  35  20 

May    2  11  14  44 

8  10  58  56 

9  10  47  19 

8 

9 

10 

11 

12 

10  ,  5 

18  ,  9 

9 

0,4 

18,  6 

+  2  18.69 
+  1  24.94 
-0   42.20 
-4  23.93 

-0  26.80 

+  0  56.6 
-2  15.5 
_4  35.0 
-3  54.5 
-4  18.1 

11  21  14.76 
11  25     6.67 
11   30  47.23 
11  41  37.30 
11  43  19.95 

+  16 
+  15 
+  14 
+  12 
+  11 

28 
41 
31 

19 

58 

50.3 
20.6 
21.7 
39.0 
33.7 

9.336 
9.200 
9.377 
9.420 
9.394 

0.612 
0.618 
0.642 
0.673 
0.673 

Mean  Places  for  1894.0  of  Comjxtrison-Stars. 


a 


Red.  to 
app.  place 


1 

2 

3 

8 

9 

10 

11 

12 


7 

8     7 
8  17 


11 
11 
11 


56  44.59 
20 

36.84 
54.24 
23  39.92 
31  27.64 


18 


11  45  59.45 
11  43  44.98 


+0.29 
+  0.38 
+  0.47 
+  1.83 
+  1.81 
+  1.79 
+  1.78 
+  1.77 


-14 

-10 
-  6 
+  16 
+  15 
+  14 
+  12 
+  12 


28 
31 
21 
27 
43 
36 
23 


2.1 

19.6 
59.0 
41.6 
2.6 
40.4 

58.6 


Red.  to 
app.  place 


Authority 


-5.1 
-4.3 
-3.4 
-5.3 

-5.5 
-5.9 
-6.9 
-6.8 


Paris  9850 

S.DM.  -10°2422 

Paris  10268 

Paris  13931 

W.B.  XI,  398 

Paris  14181 

Paris  14468 

DM.  12°2372  comp.  with  Paris  14.347 


May  8  The  comet  was  barely  visible  at  intervals,  even  in  unilluminated  field.  There  was  a  light  fog.  which  contributed  materially 
to  lessen  the  brightness  of  the  image.  This  observation  is  probably  entitled  to  one-third  the  weight  due  to  preceding  observations  of 
this  series. 

May  I).  DM.  12°2372  —Paris  14347  =  +4,n  22s.  71  ;  +4'  13 ".o.  Notwithstanding  the  moonlight,  the  comet  was  well  seen  with  illumi- 
nated wires. 
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ELLIPTIC  ELEMENTS   OF   COMET  a  1894,  (denning), 

By  LEWIS  BOSS. 


This  comet  appears  to  belong  to  those  associated  with 
Jupiter.     I  have  found  the  following  elements. 

Epoch:  1894  April  27.5  Greenw.  M.T. 
M=    9°  31'  4.V.2S 
to  =  46    56    20  .2    ) 
Si  =  83   52    io  .1      1894.0 
i  =    5  34   33  .3    ) 
<p  =  45   18    19  .6 
ix  =  446".8386 
log  a  =  0.5999040 ;  Period  7>\94 

The  three  normal  places.  March  27.5,  April  9.5  and  April 
27.5,  are  exactly  represented,  except  for  a  discrepancy  of 
0".2  between  the  computed  and  observed  latitudes  for  April 
9.5.  Following  is  the  result  of  a  cursory  comparison  (only 
approximate)  with  the  individual  observations  employed. 
The  residuals  are  in  the  sense  observed— computed. 


Or.  M.T. 


Gr. 

M.T. 

Ju 

jS 

h 

S 

II 

Marcl 

i  27     8 

+  0.28 

+  0.9 

Strassburg 

27     9 

+  0.18 

-1.8 

Pulkowa 

27  10 

+013 

-1.6 

Hamburg 

27  14 

-0.33 

•+0.4 

Albany 

27  16 

+0.02 

-1.7 

Princeton 

April 

5  13 

[-1.09] 

-0.9 

Copenhagen 

5  1 5 

—  0.04 

+  0.5 

Northfield 

5  17 

0.00 

+3.0 

Princeton* 

April 

6  16 

-0.25 

-2.9 

Albany 

7     9 

+  0.41 

+  2.1 

Lyons 

8  12 

[-1.06] 

-3.2 

Copenhagen 

9  10 

[-0.90] 

+  1.2 

Copenhagen 

9  14 

+  0.29 

+  2.2 

Albany 

12  20 

+  0.09 

-1.0 

Cincinnati 

April 

25  17 

-0.O8 

-2.5 

Albany 

26  15 

+  0.22 

+  6.2 

Albany 

27  16 

-0.18 

-4.5 

Albany 

29  15 

+0.03 

+  0.8 

Albany 

*  Corrected 

Also  the  following  which 
for  a  test  of  the  elements. 


were  more  carefully  compared 


May  8 
9 


16 

16 


+  1.87 
+0.62 


J8 

-  8.9 
-1.3 


Albany 
Albany 


The  observation  of  May  8  was  made  with  extreme  diffi- 
culty,  as  will  be  seen  by  reference  to  the  published  report. 

The  cornel  may  make  a  close  approach  to  Jupiter  near 
longitude  330°,  and  a  much  closer  one  (say  within  0.2)  at 
longitude  27o:zj-.  In  L890,  Jupiterwas  in  conjunction  with 
the  comet  then  at  its  aphelion,  but  the  distance  appears  to 
have  been  always  greater  than  1.0. 

Ephemeris  foe  Greenwich   Midnight. 


1894 

App.   a 

App.  8 

log  A 

May   20 

ll        in       s 

12      1    20.70 

c 

+  8 

21  38.7 

0.H007 

21 

3 

COS 

8 

6   10.5 

0.0060 

22 

4 

43.10 

i 

17  53.9 

0.0124 

23 

6 

10.05 

7 

20  48.7 

0.0187 

24 

i 

54.54 

i 

11  54.6 

0.0249 

25 

0 

29.61 

6 

51    11.4 

0.0311 

26 

11 

4.27 

1) 

36  38.8 

O.0373 

27 

12 

3S.55 

6 

19  16.7 

0.0434 

28 

14 

12.47 

6 

2     4.7 

0.0496 

20 

15 

46.06 

5 

15      2.0 

0.0550 

30 

17 

19.34 

5 

28  10.2 

0.0010 

31 

is 

52.31 

5 

11  27.3 

0.0676 

June  1 

20 

25.00 

4 

51  53.6 

0.0735 

2 

21 

57.44 

4 

38  28.9 

0.0704 

3 

23 

29.63 

4 

22  13.0 

0.0853 

4 

25 

1.58 

4 

6     5.8 

O.II011 

5 

20 

33.30 

3 

50     7.2 

ii. irnos 

6 

28 

4.S2 

O 

34  16.9 

o.l  O20 

7 

20 

36.14 

3 

18  34.  s 

o.l  us:; 

8 

;;i 

7.LT, 

3 

3     l.o 

0.1139 

9 

12  32 

38.16 

+  2 

47  35.:; 

O.ll '.15 

Brightness  May  20  is  0.096;  June  0.  0.046. 

Heliocentric  Coordinates    for  the  Equator. 

.,•  =  >{9.9979639]  sin  (r  +  220  -io'  40.5) 
y  =  c[9.9609635]  sin  (f +  133  14  54.0) 
2  =  r[9.6201139]  sin  {v+ 118  33  53.8) 


ELEMENTS  AND    EPHEMEKIS   OF   COMET  b  1894  (gale), 

By  Rev  G.  M.  SEAIILE. 


I  have  computed  the  following  elements  of  Comet  b  1894 
from  the  observations  at  the  Cape  of  Good  Hope,  April  11 
and  13,  with  mine  made  at  Washington  on  May  1. 


7'=  April  13.618  Gr.  M.T. 
Si  =  206    39'.6) 
to  =  324   32  .6     1894.0 
i  =    86   39  .6  ) 
q  =  0.9S27 
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From  these 

we  have  the  follow  ing  ephemeris  : 

(.1.  M.T. 

a 

0 

log  A     Brightness 

Gr.  M.T. 

a 

8 

log  A 

Brightness 

May  22.5 

Hi  31.4 

+33  53 

9.851 

Maj   L0.5 

i.      in 
9  23.8 

+16  28 

9.639 

1.71 

24.5 

in  59.3 

35  21 

12.5 

38.8 

20  .-,;, 

26.5 

11  26.5 

+36  36 

9.908        0.49 

1  1.5 

'.i  51.7 

24  35 

.714 

( >u  in1.;  to  the 

unfavorable 

intervals, 

and  merely  approxi- 

16.5 

10    3.0 

27  35 

mate  character 

of  the  computation,  the  ephemeris  cannot 

is..-, 

l; 3.3 

30     5 

9.786 

0.77 

be  \  i-i'\  accurate,  but  as 

tlu 

comet  is 

quite  bright,  it  caD 

20.5 

10   22. S 

+32     9 

probablj  be  easily  found. 

REDISCOVERY   OF   PERIODIC   COMET   OF   TEMPEL  (1873  11  =  1878  111). 


The  second  periodic  cornel  of  Tempel  was  discovered  by 

Fi  \  i.  v  v.  at  <  !apetoT\  u. 

1894  May  8.6228 Gr.  M.T.  a=23"45m21M,  8= -4°  51' 11", 

quite  near  to  the  place  assigned  by  Schulhof's  ephemeris 

in  Astr.  Nachr.  3218.      It   is    described    as    circular;  of  1' 

diameter;    11",  or  fainter;  some  central  condensation;  no 

tail. 


The  corrections  for  Schulhof's  ephemeris  appear  to  be 
Ja  =  +0m  558.0,  ./(>'=  +2' 31".  Applying  these  we  have, 
for  Washington  time. 


IS!  14 

May  13.5 

u 

ll            HI          S 

0     1  32 

8 

O              1 

-3  51.8 

log  A 
11.2234 

1.-,..-, 

(>     7    lit 

-3  28.8 

0.2226 

17.5 

0  14     3 

-3      6.1 

0.221  S 

XOTATIOX   OF   ASTEROIDS. 


Numbers  for  newly  discovered  small  planets  have  been  assigned  as  follows,  by  the  Berlin  Rechen-Institut. 


AQ 

1894  Jan.    8 

Charlois 

AR 

Jan.    S 

a 

AS 

Jan.  10 

a 

(370. 


A  T 
AV 


1894  Jan.  29 
Jan.  29 


Charlois       (382) 
«  (383) 


A  IV  has  been  omitted  in  the  numeration  as  having  been  observed  only  Jan.  30  and  Feb.  3.     It  may  be   rediscovered 
next  year,  as  it  will  lie  near  its  descending  node  when  in  opposition  (April  1S95). 
BA  is  probably  identical  with  1892  S,  which  was  lost  soon  after  discovery. 


NOTICE. 

Prof.   BAiiinvzKN  asks   to  correct   the   Notice  in  A.  J.,  no.  315,  requesting   observations  of   0704  R  Lyme  for  Mr.   I'annekoek,  by 
substituting  the  years  1890-92,  for  1880-82. 


COKEIOEXDA. 

No.  316,  p.  82,  line    6,    for    Comet  3 1893  (Bkooks),     put     Comet  1803  II. 

p.  32,  line  16,      "       1804.0,  "       1893.0. 
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OX   THE    PAKALLAX  AXD   PROPER  MOTION   OF   p  PERSE I, 


By  F.  L.  CII  LSE. 


According  to  the  theory  of  Dr.  Chandleb,  given  in 
A.  J.,  no.  255,  viz. :  that  the  irregularities  in  the  periodic 
fluctuations  in  brilliancy  of  ,-;  /'>  rsei,  are  due  to  the  existence 
of  a  third  body  around  which,  as  a  primary,  Algol  and  its 

smaller  dark  companion  revolve  in  a  peril  id  of  about  130 
years,  this  variable  should  have  a  parallax  of  about  0".07. 
If  the  parallax  were  no  smaller  than  this  amount,  it  seemed 
quite  possible  that  it  might  be  detected  by  means  of  the 
Yale  heliometer.  Accordingly  I  have  made  a  series  of  ob- 
servations extending  over  a  period  of  a  year  and  a  half 
with  this  object  in  view. 

Two  fairly  well  situated  stars,  which  I  shall  designate 
by  a  and  i/.  their  magnitudes  being  7.3  and  7.8  respectively, 
and  their  position-angles  from  Algol  (f),  286°  and  69°  roughly. 
were  selected  for  comparison-stars.  In  order  to  serve  as  a 
basis  for  future  investigation  as  to  any  change  in  the  place 
of  Algol,  observations  were  made  also  with  reference  to  two 
other  comparison-stars  (b  and  c)  situated  in  a  direction  from 
d  nearly  at  right-angles  to  the  former  pair,  their  position- 


-  from  ,•;  being  roughly  191°  and  359°.    For  a  time 
distances  and  position-angles  were   observed,  bu1    later  the 
plan  was  altered  to  the  extent  of  dropping  the  latter.  - 
the]  are  so  far  less  accurate. 

Except  on  one  occasion,  the  first  pair  of  distances  upon 
which  the  parallax  chiefly  depends,  were  observed  twice 
each  night,  either  in  the  order.  (3a,  $d,  fid,  -.  or  fld,@  .  'a,  fid, 
so  that  the  mean  value  for  each  distance  may  be  regarded 
as  observed  at  the  same  time. 

The  distances  fib,  @c,  on  the  other  hand  being  considered 
of  less  importance,  were  observed  but  once  each  night. 
Every  precaution  was  taken  to  eliminate,  as  far  as  possible, 
any  systematic  errors,  by  reversing  the  prism  eye-piece, 
scales,  position-circle,  and  changing  the  order  of  observa- 
tion on  different  nights. 

Following    are    the    resulting    measured    distances,    cor- 
rected for  refraction  and  aberration,  to  which  are  added  the 
thermometer-reading  and  character  of  seeing;  1  signify 
perfect,  and  4.  conditions  too  unfavorable  for  observation  : 


Observed  Distaxi  es. 


Date 

(So 

(36 

/3c 

Temp.  F. 

Images 

.  Steadi- 
ness) 

1»»2 

R 

B 

B 

B 

.Mar.  4 

159.6300 

185.1 190 

218.460 

1  78.7m; 

31 

2-3 

2 

5 

.6405 

.1275 

32 

2 

1-1' 

6 

.6370 

.1285 

.507 

.799 

34 

2-3 

2-3 

7 

.6530 

.1470 

.509 

.703 

40 

2 

2 

9 

.6420 

.1430 

.461 

.806 

39 

2-3 

3 

13 

.6475 

.1415 

.471 

.788 

:'5 

3 

2 

14 

.6450 

.1405 

.491 

.761 

21 

2 

2 

15 

r.145 

.1315 

24 

2-3 

2-3 

July  is 

.6735 

.1530 

.508 

.810 

7,0 

1-2 

1-2 

L'u 

.6530 

.1355 

.518 

.70:; 

58 

2 

3 

21 

.6695 

.1230 

.501 

.808 

61 

2 

2-3 

23 

.6650 

.1460 

.518 

.791' 

66 

1  2 

2-3 

25 

.6475 

.1250 

.487 

.810 

71 

2 

2-3 

26 

159.6510 

185.1430 

218.548 

178.760 

74 

:; 

3 

(41) 


42 
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Pa 

pb 

/3c 

Temp.  F. 

[mages 

steadi- 
ness 

1503 

B 

n 

It 

R 

o 

Feb.     8 

159.6405 

185.1240 

218.506 

178.789 

14 

2 

3 

1  1 

.6560 

L535 

.531 

.831 

30 

3 

3 

20 

.6470 

1 251 1 

.469 

.819 

55 

24 

.6495 

1295 

.484 

.775 

20 

1 

1   2 

26 

.6365 

L355 

.517 

.810 

24 

2 

2  3 

Mar.      1 

.6415 

L355 

.511 

.796 

28 

1    2 

2-3 

Aug.    7 

.6565 

1510 

.532 

.782 

62 

3 

3 

8 

.6620 

1  140 

.519 

.811 

(17 

1    2 

l-l' 

'.» 

.6725 

1 285 

.510 

.838 

65 

•> 

•< 

10 

.6825 

L590 

.525 

.7;  is 

63 

3 

2  3 

11 

.6500 

1 51 15 

.493 

.802 

66 

1-2 

2  3 

15 

159.6195 

185 

1  .-..-,i  i 

218.519 

178.792 

64 

2-3 

3 

The  treatment  of  these  observations  has  been  carried  out  I  for  each  night,  and  the  differences  corrected  so  as  to  ve- 
in the  same  way  as  for  those  of  0  Cygni  in  A.  J.,  no.307.      dure  them  all  to  the  same  normal  scale-value. 
The  following  table  gives  the  mean  sums  and  differences 


Sims,  Di 

FFERENCES 

and  Corrected  Differences. 

Date 

0a  +(3d 

pW  —  >3a 

Corr.  Diff. 

06  + 0c 

0b  —  0c 

Corr.  Diff. 

lOTi     . 

R 

K 

R 

It 

R 

R 

Mar.     4 

344.749 

25.489 

25.492 

397.240 

39.674 

39.679 

5 

.768 

.487 

.489 

6 

.705 

.491 

.493 

.306 

.70S 

.708 

i 

.800 

.494 

.493 

.302 

.716 

.710 

9 

.785 

.501 

.501 

.267 

.655 

.658 

13 

.789 

.494 

.494 

.262 

.686 

.090 

14 

.785 

.495 

.495 

.252 

.780 

.785 

15 

.770 

.487 

.488 

July  18 

.826 

.480 

.477 

.318 

.698 

.696 

20 

.789 

.482 

.482 

.311 

.725 

.724 

21 

.792 

.454 

.454 

.309 

.693 

.692 

23 

.811 

.481 

.479 

.310 

.720 

.71-5 

25 

.772 

.478 

.479 

.297 

.    .077 

.077 

26 

.794 

.492 

.492 

.808 

.788 

.787 

1898 

Feb.     8 

.704 

.484 

.486 

.295 

.717 

.7  IS 

14 

.809 

.497 

.490 

.362 

.700 

.094 

20 

.772 

.478 

.470 

.288 

.650 

.051 

24 

.779 

.480 

.481 

.259 

.709 

.718 

26 

.772 

.499 

.500 

.327 

.707 

.705 

Mar.    1 

.777 

.494 

.495 

.307 

.715 

.715 

Aug.     7 

.80  7 

.495 

.494 

.314 

.750 

.749 

8 

.800 

.482 

.481 

.330 

.708 

.705 

9 

.801 

.456 

.455 

.348 

.672 

.068 

10 

.841 

.477 

.473 

.323 

.727 

.725 

11 

.800 

.500 

.499 

.295 

.691 

.692 

15 

.774 

.536 

.537 

.311 

.727 

.726 

Mean 

344.789 

25.4878 

397.302 

39.706 

The  parallax  factors  for  BPersei,  relative  to  the  different 
comparison-stars,  are  as  follows : 


For  0     relative  to  a 
»         "  d 


0.992R  cos,0-128°  52') 
0.895E  cos(©-337  25) 
-224  51) 
-  58    18) 


0.829 K  eos(0- 
0.860 R  cosfO- 


If  x  be  the  required  correction  to  the  assumed  difference 
Bd—Ba,  y  the  variation  of  this  difference  due  to  the  annual 
proper  motions,  x'  and  y'  these  same  quantities  with  refer- 
ence to  0J— pic,  and  n  the  parallax  of  p1  relative  to  the 
comparison-stars,  there  result  the  following  equations  of 
condition : 
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Equations  of  Condition. 

Wt. 

B 

Wt. 

LOOa 

■  -0.73  y 

+  1.63* 

= 

+0.0042         i 

1.00a:'  -o.7;;-/' 

— 0.66  ji 

= 

-0.027 

i 

) 

-0.::; 

+  1.02 

= 

+  0.0012           i 

1           -0.72 

-0.71 

= 

+  O.OII1' 

i 

1 

-0.72 

+1.60 

= 

+0.0052         1 

1          -0.72 

-11.7:; 

= 

+0.010 

i 

1 

-0.72 

+1.59 

= 

+  0.oo.-»2          1 

1           -0.72 

—0.79 

= 

-O.ois 

i 

1 

-(».72 

+  1.50 

= 

+0.0132         1 

1  .         -0.71 

-0.89 

= 

-O.olO 

I 

1 

-0.71 

+  1.40 

= 

+  0.0002            1 

1           -0.70 

-n.'.ll 

= 

+0.029 

I 

1 

-0.70 

+  1.17 

= 

+  0.0(172          1 

1           -0.40 

-o.71 

= 

-0.010 

1 

1 

-0.70 

+1.45 

= 

+  O.OOH1'          1 

1           -0.45 

-O.OO 

= 

+0.018 

i 

1 

-0.46 

-1.69 

= 

-0.0108         1 

1           -0.45 

—0.63 

= 

-0.014 

h 

1 

-0.45 

-1.71 

= 

-0.0058         1 

1           -0.44 

—0.58 

= 

+  0.010 

T 

1 

-0.15 

-1.72 

= 

—0  0338         1 

1            -0.44 

-o.5i' 

= 

-0.010 

i 

1 

-0.44 

-1.71 

= 

-II. (MISS             1 

1           -0.44 

—  0.50 

= 

+0.081 

I 

1 

-0.44 

-1.77 

= 

—  0.(11  ISS             1 

1             +0.10 

+0.03 

= 

+  0.012 

\ 

1 

-0.44 

-1.77 

= 

+  0.0042          1 

1            +0.12 

-0.14 

= 

-0.OI2 

i 

1 

+0.10 

+  1.80 

s= 

—  1  I.I  II  ils             1 

1            +0.14 

-0.19 

= 

—  0.055 

'. 

1 

+  0.12 

+  1.77 

= 

+0.0082         1 

1            +0.15 

-o.ls 

= 

+  0.O07 

1 

1 

+  0.1  1 

+  1.74 

= 

—  O.OOSS            1 

1             +0.15 

-0.1S 

= 

-O.ool 

i 

1 

+0.15 

+  1.71 

= 

—  0.OO0S             1 

1            +0.10 

-o.l7 

= 

+  0.000 

l 
h 

.V 

I 

+  0.15 

+  1.00 

= 

+  0.0122          1 

1             +0.00 

-1  I.I  IS 

=' 

+0.043 

1 

+  0.10 

+  1.66 

= 

+  0.0072          1 

1           +0.60 

- 1 1. 1 5 

= 

-0.001 

1 

+0.60 

-1.83 

== 

+  0.0002             1 

I           +0.60 

-0.12 

= 

—0.038 

I 

1 

+  0.011 

-1.83 

= 

—  (i.  linos         1 

I               +0.01 

—  O.OO 

= 

+  0.010 

i 

1 

+0.60 

-1.83 



—0.0328         1 

1           +0.6] 

-(1.(10 

= 

-O.oi  1 

I 

1 

+  0.01 

-1.83 

= 

-n. oils          1 

1             +0.02 

+  0.05 

= 

+  0.02H 

l 

1 

+  0.01 

-1.83 

= 

+  0.0112           1 

1 

+  0.02 

-1.83 

= 

-0.0492         1 

1 1  half-weight  be  assigned  to  those  equations  which 
depend  on  a  single  observation,  the  above  equations  of  con- 
dition will  reduce  to  the  following  five  normals: 

Normal  Equations. 

+  25.50.,-  -3.58  y  +  o.oo.,'  +0.00,/'  +  0.58*  +o!o009  =  0 
3.58  +7.:!:;  +  0.00  +0.00  -  8.91  -0.0096  =  0 
-I-  0.00  +0.00  +11'. oo  —1.26  —  4.75  —0.0020  =  0 
+  0.00  +0.00  -  1.20  +3.27  +  2.30  —0.0101=0 
+   0.58     -s.01      -   4.75    +2.30     +77.05     —0.1746  =  0 

A  solution  of  these  equations  gives  the  following  results: 
.,•  =  +0*00060 

.»•'=  +0.001  17 

y  =  +0.00495   ±0.0052    =  +0.063     ±0.066      Wt.    5.79 


y=  +0.00163  ±0.0071  =  +0.021  ±0.090  Wt.  3.09 
*= +0.00287  ±0.00159  =  +0.0363  ±0.0202  Wt.  62.73 
tin-  probable  error  of  1  observation  being  ±0R.0120  or  o".  1 50 

It  will  be  noticed  that  the  parallax  here  found  is  only 
about  half  the  value  given  by  Dr.  Chandler's  theory,  and 
yet,  while  the  result  does  not  positively  corroborate,  it  is 
not  of  such  a  character  as  to  render  the  theory  improbabh 

As  a  matter  of  interest  an  attempt  was  made  to  determine 
the  proper  motions  of  the  comparison-stars,  in  order  to  find 
the  absolute  proper  motion  of  Algol.  For  this  purpose  the 
observations  of  position-angle,  which  were  made  in  the 
earlier  part  of  the  work,  were  also  utilized. 

The  following  table  gives  the  several  positions  thus  de- 
termined : 


Star 

Mag. 

Catalogue 

Epoch 

Posit 
A.R. 

on  1802.0 

Decl. 

Wt. 

,, 

7.:: 

Lalande  5630 

Weisse's  Bessel  11.  1335 

Yah  heliometer 

1795.0 
L832.9 
1892.9 

h 

2 

ni 
58   L7.93 
18.32 

1  S.I  u 

+  40  42'     1.1 

41   54.1 
41   54.24 

1 
4 

'' 

S.ll 

Weisse's  Bessel  1 1.  1388 
Yale  heliometer 

L832.9 
L892.9 

•  > 

0   21.01 
20. ill 

+39   47     4.0 

4.07 

1 
4 

<■ 

7.8 

Lalande  57 1 0 
Paris  3730 
Vale  heliometer 

1701.8 
1881.4 
1892.9 

O 

O 

1     7.37 

7.10 
7.44 

+  41   10  13.6 
9.5 
8.15 

I 

2 
4 

,/ 

7.s 

Lalande  5813 
Weisse's  Bessel  III.  1 
Yale  heliometer 

1795.0 
1832.9 

1892.0 

3 

4  21.22 
21.17 
21.42 

+  40  46   2.Y2 
10.5 
16.68 

1 

1 

44 


Til  E     AST  RONOM  EC  A  I.     JOURNAL 


No.  318 


From  Searle's  position  of  QPersei  [Annuls  Harvard 
rvatory,  Vol.  XXIX),  using  mj  observed  distances  and 
position-angles,  the  position  of  each  comparison-star  was 
calculated,  ami  these  positions  compared  with  the  places 
deduced  from  those  Pound  in  the  various  catalogues  at  my 
disposal.  The  Histoire  Celeste  places  were  reduced  by 
von  Asten's  tables,  and  the  systematic  corrections  for  the 
various  catalogues  given  by  Auwers  in  Astr.  Naehr.,  qos. 
.".] '.»■"'.  r>  were  applied. 

Assigning  to  these  places  the  weights  given  in  the  last 
column  of  the  above  table,  and  solving  the  resulting  equa- 
tions of  condition  by  the  method  of  least  squares,  I  find  the 
following  annual  proper  motions: 


Star                           A.  IS. 

Decl. 

a 

h 
e 
d 

-0.00161  =  -0.024 
-0.00167  =  -0.025 

+  0.00081  =  +(1.012 
+  0.00200  =  +0.043 

—0.044 
-0.003 
-0.056 
-0.072 

It  will  be  noticed  that  the  declinations  of  the  stars  found 
in  Lalaxde  differ  essentially  from  those  of  Weisse's  Bes- 
sel  and  those  since  found,  and  the  fair  agreement  of  the 
latter  would  seem  to  indicate  a  systematic  error  in  the 
former.  The  proper  motions  deduced  from  such  uncertain 
data  are  therefore  deserving  of  but  little  confidence. 

The  quantities  y  and  y'  may  be  expressed  thus : 

V  =     I  1*d  cos  dd— Jap  cos  dp)  smj>pd+ 1  1Sd—JSp)eosppd 

-  (4*a  ''' ,s  8a  -  daP  eos  5/s)  shiPpa  ~  <  J,\,  ~  J,V  cos Ppa 
y'=      (  1abcosdb—4up  cos&p)  sinppb+(J8b  —48p)  cosppb 

~(Jac  cosdc  —  dup  eosflg)  smppc—(d8c  —  JoV)  cosppc 


where     l«d,  A8d 


Jcta,  etc..    represent    the  annual   proper 


motions  in  right-ascension  and  declination  of  the  various 
stars,  and  Pgd>Paa>  etc.,  designate  the  position-angles  oi 
the  different  stars  measured  from 

Using  the  above  determined  values  for  the  proper  mo- 
tions of  the  comparison-stars  with  the  values  found  for  y 
and  //'and  their  weights,  ami  solving  as  by  least  squares,  I 
find,  for  the  absolute  proper  motion  of   • 

la  eos  A  =   -0".032 

l.s  =  —o  .018 

The  values,  obtained  on  the  assumption  that  the  com- 
parison-stars have  no  proper  motion,  are 

la  cos  A  =  -0".034  ±  0".03o         Wt.  20.49 
18  =   +0  .014  ±  0  .046         Wt.  11.95 

Comparing  these  results  with  those  obtained  by  Dr. 
Chandler,  according  to  his  theory,  viz: 

/«  cos  A  =  +0".04  I'.i 
J8  =  +0  .0120 

we  are  for  the  present  hardly  warranted  in  drawing  any 
definite  conclusions.  The  uncertainty  in  the  proper  mo- 
tions of  the  comparison-stars  has  already  been  pointed  out. 
and  the  absolute  proper  motion  of  Algol,  as  above  determined, 
is  therefore  not  very  trustworthy.  Furthermore,  a  year 
and  half  of  heliometer  observations  is  hardly  sufficient  in 
point  of  time  to  determine  so  small  a  relative  proper  motion 
with  any  great  reliability,  as  is  shown  by  the  magnitude  of 
the  probable  error.  But  by  repeating  the  observations  after 
an  interval  of  live  or  six  years,  as  is  our  present  purpose, 
the  accuracy  of  this  latter  quantity  may  be  greatly  in- 
creased, and  in  the  course  of  time  any  change  in  the  rela- 
tive proper  motion  according  to  Chandler's  theory  could 
b.-  detected. 


Yiil,'  University  Observatory,  1894  April  26. 


MAXIMA   AND   MINIMA  OF   VARIABLE   STARS   OBSERVED   IX 

(Extract  from  the  Proceedings  of  the  Bohemian  Academy.) 
By  G.  GRUSS  and  V.   LASKA. 


1892-1894. 


The  following  observations  were  made  with  an  eight-inch 
equatorial  instrument  of  the  Bohemian  University  Observa- 
tory i  Prague  VII  80),  by  Argelander's  method,  and  more- 
over independently  from  each  other. 

1)     845.     R  Ceti. 
We  have  five  observations  of  this  star,  from  1S'.»4  Feb.  4 
to  Feb.  22;    from  these  is  deduced 

.Max. :     1804  Feb.  20,     8".5. 
2)     1574.      W Tauri. 
Eighteen   observations  of  this  star,  from  1S93  Oct.  18  to 
1894  Apr.  3,  show  a  maximum 

1894  Feb.  20,     8\5. 


3)     3493.     I!  Leonis. 
This  star  was  under  observation  from  1893  Mar.  13  *to 
July  4,  the  observations  numbering  eighteen.     These  give 
-Max.:     1893  July  1,     5*.9. 

The  secondary  maximum  was  observed  twenty  days  be- 
fore maximum.  The  brightness  remained,  about  this  epoch, 
constant  from 

1893  June  4  to  June  14.     6".4. 

4)     4948.     R  Canum   Venatieorum. 

From  thirty-five  observations  between  1893  June  IS  and 
1893  Nov.  13.  we  obtain 

Max.:     1893  Oct.  6,     6*1. 
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The  secondary  maximum  was  observed  from 
1893  Sept.  4  to  Sept.  20,     6».5. 

5)  5194.      V  Bbotis. 

By  fifteen  observations,  between   L893  Sept.  13  and  1893 
Dee.  2,  we  deduce 

Max.:     1893  Oct.  7,     6M.8. 
The  variations  took  place  quite  regularly. 

6)  5438.      YLibi-ae. 

This  star  was  observed  twelve  times,  from  1893  June  22 
t.i  1893  Aug.  18.     We  find  quite  certainly 
Max.:     1893  July 3,     8M.7. 
The  period  is  334  days. 

7)  5(>77.     R  Serpentis. 

From  1893  Sept.!::  to  1893  Nov.  13,  thirteen  observa- 
tions were  made,  giving 

Max.:     1893  Oct.  10,     7M.0. 

8)  5758.     X  Herculis. 

Twenty-one  observations,  between  1893  Sept.  10  and  1894 

-Fan.  11,  give  the  following  epochs: 

Max.:      189;;.  .Mid  Sept..     6M.3. 
Min.:     1893,  end  Nov.,     6".9. 
Both  epochs  are  uncertain. 

9)  5889.      U  Herculis. 

We  observed  this  star  from  1893  July  5  to  1893  Oct.  8, 

sixteen  times.  1  mt  without  result. 

10)  5950.      W  Herculis. 

By  twenty-five  observations,  from  1893  July  2  to  1894 
Feb.  8,  we  obtain 

Max.:     1894  Jan.  2,     8M.0. 

The  light-curve  remained  constant  to  the  beginning  of 
December.  The  change  of  light  in  the  immediate  neigh- 
borhood of  the  maximum  was  rapid. 

11)  6088.      V  Herculis. 

We  observed  this  star  from  1893  duly  2  to  Aug.  18. 
liming  the  whole  interval  the  star  was  constant. 

12)  6682.     XOjphiuchi. 

Forty  observations  of  this  star,  from  1893  June  17  to 
Is'.i.'l  Dec.  L'o.  show  a  maximum, 

1893  Sept.  21,     6\8. 
One  secondary  maximum.  7M.4,  was  observed  during  Au- 
gust.    Chandler's  elements  are 

1886  April  15  +  354.E 
instead  of 

ISM!  Jan.  9       +290/; 


13)     6726.      TAquilae. 

This  star  was  under  observation  from   1893  June  16  to 
Dee.  20,  the  observations  numbering  forty-two.     These  give 
Max.:     1893  Aug.  5,     8".  7. 

Ill     6834.      VAquilae. 
We  observed    this   star  from   1893  Aug.  25  to  Dec.  1<>. 
nineteen  times,  obtaining 

Min.:     1893  Nov.  3,     7\5. 
The  epoch  of  minimum  is  uncertain. 

15 1     6849.     RAquila*. 

By  thirty  observations,  from  1893  duly  1  to  Nov.  9,  we 
obtain  well  determined 

Max.:       1893  Aug.  10,      5M.8, 
and   one   secondary    maximum,    7".l.  thirty   days   after   the 
principal  one. 

Ho     6943.      T  Sagittae. 
This  star  was  observed  three  times  by  Laska. 
1893  Sept.  15,     8M.3 
Oct.    17.     8M.7 
Oct.    24,     8»9 

17 1     7120     y  Cygni. 
Twenty  observations,   made   h\    Gruss,  from  1892  Aug. 
21  to  1892  Oct.  11.  with  opera-glass,  give 

Max.:     1892  Sept.  18,     4M.9. 

is  i     71 92.     Z  Cygni. 
Nine  observations,  from  1893  Oct.  9  to  1893  Dec.  6,  were 
made.*    The  maximum  was  passed. 

19 1     7263      R  Delphini. 
By  twenty-eight  observations,  between  1893  Aug.  2  and 
1894  dan.  1  1.  we  deduce,  quite  certainly, 

Max.:     1893  Oct.  4,     8*6. 
Two  months  before  maximum  this  star  was  constant  at 
9\4. 

I'd)     7428.      V  Cygni. 

This  star  was  under  observation  from  1893  Dec.  L'  to 
1894  Feb.  22,  the  observations  numbering  fourteen.  These 
give  one  maximum,  9M.l,  between  Dee.  30  and  dan.  11.  not 
separately  good. 

21)     7444.     T.Delphini. 

Eighteen  observations,  from  1893  Sept.  9  to  1894  dan.  1  I. 

give 

.Max.:     189::  Sept.  :':;.     8M.9. 

The  light-curve  increased  rapidly,  shortly  before  the  max- 
imum. 

22)     7456.     RR  Cygni. 

We  observed  this  star  from  1893  Sept.  13  to  1894  Feb.22, 
twenty-three  times,  but  not  with  separately  good  results. 
One  maximum.  1893  Oct.  25,     8". .3.     is  uncertain. 
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23)     7459.      TCygni. 

189:;  Max.: 

Sept.  20, 

7.65 

Eighteen  observations,  made  by  Gruss,  from  L892  Aug. 
11  to  1892  Oct.  11.  with  op.                -  give  a  g 1 

Min.: 
Max.: 

Mm.  : 

Oct.    11'. 
Nov.     .">. 
Nov.   16, 

7.75* 
7.60 

s.  1  .-.** 

Max.  :     L892  Aug.24,     5».l. 

Max.: 

Dec.     •">. 

7.65 

Min.  : 

1  >ec.     LT.. 

7  70* 

1894   Max.: 

Jan.    20j 

7. Co 

L'L     7795.     RVCygni. 

Min.  : 

dan.     30, 

.s.  1 5** 

This  star  was  observed    twenty-three  times,    from    1893 

25)     8068.     SLaeertae. 

Sept.  13  i"  1894  Feb.  '.'.  ami  is  probably  of  the  .;'  Lyrat  t\  pe. 

Fifteen 

observations   id 

this   star 

from   1893  Oct.  5  to 

The  period  is  about  75  days.     We  have  observed  tin-  fol- 

1894 Feb. 

22 

show  a  maximum. 

lowing  maxima  and  minima: 

1894  dan.  25,      7" 

s. 

.  L894  April. 


A   COMET   IX   THE   CORONA   OF  1893  APRIL  10. 


In    a    paper    read    before    the    Astronomical   Congress   at 
Chicago,  last  August,  immediately  after  my  return   from 
e  I. irk  Observatory  Eclipse-Expedition  to  Chile,  particu- 
lar attention  was  called  to  a  eonietdike  structure  visible  <>n 
all  the  Lick  Observatory  negatives  id'   the   outer   corona. 
\^  tiie  interval  of  time  between  the  first  and  last  of  these 
ographs  was  less  than  three  minutes,  a  daily  motion 

Lick  Observatory,  1894  May  9. 


could  not  be  determined  with  certainty.  Two  days  ago  we 
secured  positive  copies  of  the  negatives  taken  by  the  Eng- 
lish Expeditions  to  Brazil  and  Africa,  and  with  the  aid  of 
the  additional  data  thus  furnished  the  suspected  object  i> 
shown  to  lie  a  comet,  having  at  the  time  a  daily  geocentric 
motion  of  about  three  and  one-quarter  degrees  away  from 
the  sun.  in  the  position-angle  200°. 

J.    M.    S.  HAEBERLB. 


GEOCENTRIC   POSITIONS   OF   TIIE   COMET   OF   1893  APRIL  16, 


By  J.  M.  SCHAEBERLE. 


Since  writing  the  note  in  which  I  announced  the  certain 
discovery  of  a  comet  in  the  corona  of  1893  April  16,  I  have 
measured  the  coordinates  of  the  center  of  the  comet's  head 
with  reference  to  the  center  of  the  Moon. 

As  I  am  uot  yet  in  jJossession  of  the  accurate  location  of  the 
English  eclipse-stations,  nor  of  the  exact  times  of  exposure  of 
the  photographic  plates,  the  measured  coordinates  may  lie 
in  error  by  as  much  as  two  or  three  minutes  of  arc,  when 
referred  to  the  true  position  of  the  Sun's  center.  To  orient 
the  English  photographs,  the  boundary  of  a  very  conspicu- 
ous and  sharply  defined  streamer,  which  on  my  plates  has 
the  position-angle  SL'3.3  at  30'  from  the  Sim'*  center,  was 
taken  as  a  starting  point  for  all  the  English  plates.  The 
scale  of  each  photograph  was  separately  determined  by 
measuring  the  diameter  of  the  Moon's  image  on  each  plate. 

The  evidence  given  by  the  positive  copies  of  the  nega- 
tives seems  to  prove  that  the  comet  was  growing  fainter 
with  increasing  distance  from  the  Sun  ;  for  on  the  African 
(dates  the  comet  is  very  faint,  while  on  my  own  negatives 
it  forms  a  most  conspicuous  feature  of  the  corona.  These 
considerations  render  it  almost  certain  that  the  object  was 
actually  within  the  visible  limits  of  the  corona,  and  that 
the  theoretical  perihelion  passage  occurred  only  a  few  hours 
before  the  photographs  were  taken. 


Positions  of  the  Comet  of  1893  Aprji, 

l(i. 

Place 

Dis- 
tance 

40.0 
49. 1 
61.8 

Position 

Angle 

199   17- 
196  30 
193  30 

Ja 

Jo 

Mina  Bronces,  Chile 
Brazil 

Africa 

-55S.0 

-57.0 
-5S.7 

-37.1'. 
-47.4 
-60.1 

i 

Eor  the  assumed  Greenwich  mean  times  given  below  the 
corresponding  places  of  the  Sun  are.  obtained,  from  which 
the  comet's  coordinates  are  deduced  by  applying  the  proper 
Ju  and  JS  given  above. 


(Jr.  M.T. 


1  3 

2  16 

3  38 


Sun's  Apparent 


1  39  15.2 
1  39  26.5 
1  39  39.2 


+  lo  19.2 
+  lo  20.3 
+  lo  21.5 


Comet's  Apparent 

o 


1  38  20.2 
1  38  29.5 
1  38  40.5 


+  9  41.6 
+9  32T9 
+  9  21.4 


In  order  to  obtain  some  idea  as  to  how  accurately  the 
comet  could  be  located  upon  the  plates.  T  requested  Pro- 
fessor Barnard  to  mark  the  several  positions,  on  the  glass 
sides  of  the  photographs.  My  measurements  of  his  po- 
sitions agree  almost  exactly  with  those  given  above.  The 
truly  remarkable  appearance   of  this  particular  object  on 
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my  eclipse-negatives,  so  plainly  showing  an  apparent  con- 
nection with  a  singularly  slender,  but  conspicuous  streamer 
from  the  Sun  (See sketch  in  "Astronomy  and  Astro-Physics" 

Lick  Observatory,  1894  May  10. 


for  April  1894)  finally  induced  me  to  announce  the  ••  Me- 
chanical Theory  of  Comets,"  as  giving  additional  evidence 
in  favor  of  the  "  Mechanical  Theory  of  the  Corona." 


OBSERVATIONS   OF   THE   V 

By  PAUL  s. 

Since  May  1888  1  have  made  more  or  less  observations 
of  ,:>'  Lyrae  during  each  season,  but  until  the  past  winter  have 
made  no  reduction  of  these  observations,  which  have  ac- 
cumulated to  the  number  of  two  hundred  and  fifty. 

Although,  from  the  nature  of  the  star's  Lightecurve,  but 
a  relatively  small  number  of  the  observations  are  available 
for  the  determination  of  principal  minima,  several  of  the 
latter  arc  indicated  in  each  of  the  six  years  during  which 
the  observations  have  been  carried  on,  excepting  the  year 
1891,  when  the  star  was  observed  but  three  times. 

In  the  reduction  of  these  observations,  I  have  made  use 
of  Akoelaxdkk's  light-scale  and  mean  light-curve,  as  pub- 
lished in  his  second  treatise  on  the  star  (De  Stella  §  Lyrae 


AKIABLE   STAR    p  LYRAE, 

YEXDELL. 

Variabili  Commentatio  Seeunda,  Bonn,  1859);  and  bj  this 
means  have  deduced  thirty-four  determinations  of  principal 
minima,  distributed  as  follows:  in  1888,  thirteen:  1889, 
four;  1890,  six;  1892,  three;  and  in  1893,  eight.  The 
greatest  number  of  observations  available  for  the  determi- 
nation of  any  single  minimum  is  five;  and  in  the  subjoined 
table,  the  weight  1  is  assigned  to  those  determinations  de- 
pending on  three  or  more  observations,  all  others  being 
given  half  weight  only. 

The  minima  observed  are  as  follows  :  the  residuals  in  the 
column  0— C  being  obtained  by  a  comparison  with  R]  i  d's 
elements,  provisorily  adopted  by  Chandler  in  his  Second 
( Satalogue. 


Oksekved  Minima. 


Epoch 

Local  Mean  Time 

W. 

O— c 

Epoch 

Local  Mean  Time 

\V. 

o— c 

943 

1888  May    7.769 

i 

-0.230 

1005 

1890  July  17.962 

1 

+  0.241 

944 

20.439 

h 

-0.475 

10(17 

Aug.  12.388 

i 

-0.262 

945 

dune   3.315 

1 

+0.486 

1008 

25.086 

h 

-0.371) 

tin; 

10.125 

.', 

+  0.381 

1009 

Sept.   7.017 

J 

+  0.237 

1147 

28.829 

1 

+  0.171 

11)1(1 

20.233 

1 

-0.061 

948 

July  11.507 

I 

-0.005 

1012 

Oct.   10.174 

A 

+  0.050 

949 

24.644 

h 

+  0.157 

952 

Sept.    1.521 

,r 

-0.121 

1058 

1892  June    1.239 

1 

+  0.010 

953 

13.820 

i 

-0.427 

1059 

13.745 

1 

-0.31)4 

954 

27.(501 

i 

+  0.439 

1061 

July    9.790 

J 

-0.170 

1)55 

Oct.     0.255 

I 

-0.852 

958 

Nov.  18.212 

i 

+  0.4112 

1089 

181 13  July    6.525 

i 

-0.O02 

959 

Dec.     1.2S5 

1 

5 

+  0.050 

101)0 

19.404 

i 

+  o.i  mi' 

101)1 

Aug.    1.364 

l 

—0.053 

982 

1880  Sept.  22.921) 

i 
2 

-0.747 

1092 

14.785 

l 

+0.452 

983 
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27.020 
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+  O.00D 

1 096 

Oct.     4.786 

—0.208 

1097 

18.255 

i 

+  0.346 

Assembling  the  residuals  in  yearly  groups,  the  corrections 


indicated  are 

1888 

E950 

+  O.052 

±0.109 

1880 

984.5 

-0.13.-, 

±0.382 

1890 

1008.5 

+  0.0007 

±(i.272 

181)2 

1059.3 

—  0.187 

±0.147 

1893 

1093.8 

+0.069 

±0.170 

The  mean  correction  indicated  for  the  period  of  six  years, 
covered  by  the  observations,  is 

Dorchester,  1894  May  5. 


E  1007.7   +<>'.0043H    ±0''.046 

Taking  all  the  observations  together,  the  probable  error 
of  a  single  determination  of  minimum,  of  weight  unity,  ap- 
pears to  be  ±0d.217. 

The  above  results  seem  to  be  substantially  confirmatory 
of  Reed's  elements,  the  probable  error,  in  every  case  but 
one.  being  largely  in  excess  of  the  indicated  correction. 
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W.B.  AI.  313 
W.B.  XI.  623 
W.B.  XI.  697* 

*W.B.  XI  .097  =  I'M.  12°2378,  where  the  right-ascension  is  given  as  about  Hi'  greater. 

April  26.    Light  haze  :  comet  faint  and  difficult  to  observe.  —  May  7.    Clouds  stopped  observations. 

All  observations  are  corrected  for  refraction. 


NEW   ASTRONOMICAL   AVORK. 


Dii    Venus-Durchgange,  1874  und.  1882;  Berichh  Deutschen 

Beobachtungen,  Fiinfter Band,  765  pp.    Berlin  1898.    A.  Aitwebs. 

This  volume  presents  the  final  reductions  for  the  heliometer  obser- 
vations, made  during  the  Transits  of  1874and  1SS2,  bythe  parties  sent 
out  from  Germany.  In  earlier  volumes  the  preliminary  details  of 
these  observations  and  of  the  reductions  have  been  presented. 

The  first  325  pages  of  the  present  volume  are  taken  up  with  discus- 
sions of  the  errors  of  the  scales,  screws,  etc.,  for  the  four  heliometers. 
Chapter  XII  presents  a  very  extended  discussion  of  the  numerous 
results  of  meridian  observations  of  the  stars  in  the  four  arcs  used  for 
determination  of  scale-value,  —  a  discussion  which  has  a  permanent 
value  beyond  the  immediate  purpose  in  view. 

Chapter  XV  sets  forth  the  details  and  results  for  the  instructive 
series  of  measures,  with  the  heliometer.  of  the  apparent  diameter  of 
the  sun.  which  were  made  not  only  at  the  various  stations,  but  still 
more  numerously  at  home.  From  these  measures  it  results  that  the 
polar  diameter  exceeds  the  equatorial  by  0".038,  or  an  elongation  of 
1:50000.  The  author  attributes  this  anomalous  result  to  a  manifest 
tendency  of  the  observers  to  measure  vertical  distances  relatively 
greater  than  horizontal  distances.  On  the  other  hand,  although  the 
indicated  elongation  is  but  little  greater  than  its  mean  error,  he  con- 
siders that  a  flattening  greater  than  1:50  000  is  very  improbable:  and 
greater  than  1:20000  wholly  inadmissible. 


In  chapter  XVI  the  'Transit-measures  are  treated  for  the  instru- 
mental corrections  deduced,  and  are  finally  brought  to  bear  on  the 
determination  of  the  parallax.  Extensive  tables  illustrate  the  contri- 
bution from  each  individual  measure.  The  conditional  equations  are 
presented  in  like  detail.     The  final  solution  gives 

S".S758  ±0 ".0493 

as  the  most  probable  result  from  the  heliometer  observations  for  the 
parallax.  Several  other  nearly  identical  values  are  deduced  through 
variety  in  treatment  of  the  equations. 

The  author  frankly  expresses  his  opinion  that  modern  research 
tends  to  a  value  for  the  solar  parallax  not  likely  to  differ  much  from 
8  '.8.  This  supposition  does  not  seem  to  him  to  be  violently  opposed 
to  the  heliometer-result,  in  view  of  the  mean  error  of  the  latter.  He 
points  out.  however,  that  this  mean  error  is  founded  on  a  very  com- 
plete discussion  of  all  the  elements  of  uncertainty:  while  in  many  in- 
stances no  definite  mean  error  can  be  assigned  to  determinations  of 
the  solar  parallax,  and  in  many  others  the  statements  of  mean  error 
presented  are  entirely  illusory. 

In  chapter  XVII.  16'.820  is  given  as  the  most  probable  result  for 
the  diameter  of  Venus  (reduced  to  unit  distance)  that  can  be  de- 
duced from  the  heliometer-measures  during  transit. 

An  appendix  discusses  the  results  of  the  heliometer-measures  made 
during  the  transit  of  1882  by  the  polar  expedition  at  South  Georgia. 


CORRIGENDA. 
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A  SUGGESTION  IX   THE   THEORY  OF  MERCURY, 

By  A.  HALL. 


About  forty  years  ago  LeVerriek  found  that  the  line  of 
apsiiles  df  tin'  orbit  of  Mercury  is  in  motion  at  the  rate  of 
;>S"  a  centur\  more  than  the  known  forces  will  explain. 
Since  then  Professor  NEWCOMB  has  maile  a  new  investiga- 
tion of  this  question,  and  from  a  more  extended  series  of 
observations  has  confirmed  the  result  found  by  LeVerrier. 
Newcomb's  result  is  a  little  greater,  being  43"  a  century. 
This  anomalous  motion  in  the  line  of  apsides  is  the  starting 
point  of  LeVerrier's  theory  of  an  hit ra-Mereiirial  planet, 
situated  nearly  in  the  plane  of  the  orbit  of  Mercury.  Sev- 
eral such  planets  have  been  supposed  to  be  found  ;  one  by 
Dr.  LESCAKBAULT  in  1859,  with  a  period  of  20  days,  and 
others  by  Professors  Watson  and  Swift  in  1878.  These 
discoveries,  however,  have  not  been  confirmed  to  the  satis- 
faction of  astronomers.  There  are  also  theoretical  objections 
to  the  introduction  of  such  bodies,  since  they  would  disturb 
the  motions  of  other  planets.  Some  years  ago  Tisserand 
applied  to  this  question  Weber's  theory  of  electro-dynamics, 
which  would  in  fact  produce  a  small  part  of  the  observed 
motion,  but  Weber's  theory  has,  1  think,  been  set  aside  by 
recent  investigations  in  physics.  Another  explanation  has 
been  sought  iii  the  figure  and  constitution  of  the  Sun,  but 
in  this  case  observations  show  the  Sun  to  be  almost  ex- 
actly a  spherical  body.  Thus,  at  present,  no  explanation 
of  this  motion  remains. 

If  the  Newtonian  law  of  attraction  is  not  a  rigorous  law 
of  nature,  or  if  it  is  modified  slightly  under  certain  con- 
ditions, probably  this  lack  of  rigor  would  become  apparent 
first  among  the  swiftly  moving  bodies  of  our  solar  system, 
such  as  our  Moon  and  the  planet  Mercury.  In  his  Principia, 
Book  I,  NEWTON  has  given  si. me  computations  in  which  he 
assumes  the  law  of  attraction  to  be  not  exactly  as  the  in- 
verse second  power  of  the  distance.  He  shows  that  the 
perihelia  would  move  under  the  action  of  such  a  central 
tone  ;  and  on  the  other  hand  the  observed  fixity  of  the  peri- 
helia is  a  strong  proof  of  his  law  of  attraction.  Laplace 
in  his  Mecanique  Celeste,  Book  XVI.  Chap.  IV.  has  Investi- 
gated some   assumed  changes  of  the  law  of  attraction,  and 


lias  shown  in  what  terms  of  the  Moons  motion  these  changes 
would  become  apparent.  In  1873  Bertkanb  brought  for- 
ward a  more  general  question  than  thai  of  Newton,  and 
found  an  elegant  expression  for  the  angle  between  tin- 
smallest  radius  vector  and  the  greatest,  in  the  case  of  a 
body  moving  round  a  center  of  force  in  a  closed  curve;  the 
attraction  depending  only  on  the  distance.  The  central 
force  has  the  form 

/,'  =  in.  )■" 

in  being  a  constant,  and  /■  the  radius  vector.  In  the  case 
of  a  small  eecentrieity  the  angle  between  the  minimum  ami 
maximum  radii  is  nearly 

e  = 


If  n  =  —2,  we  have  the  Newtonian  law;  the  angle  0  is 
180°,  or  the  particular  radii  form  a  right  line,  and  so  far  as 
the  action  of  the  central  force  is  concerned  the  perihelion 
is  fixed.  Applying  BERTRAND's  formula  to  the  case  of 
Mercury  I  find,  taking  Newcomb's  value  of  the  motion,  or 
43",  that  the  perihelion  would  move  as  the  observations  in- 
dicate by  taking 

i,  =-  -2.00000016 

It,  will  be  seen  that  a  very  small  change  in  the  law  of 
central  force  would  produce  the  required  motion  in  the  line 
of  apsides.  The  question  remains  to  examine  the  effect  of 
this  change  "ii  the  other  elements  of  the  orbit.  If  we  de- 
note by  /;.  the  sum  of  the  masses  of  Mercury  and  the  Sim 
the  equations  of  motion  are 


(1) 


d  he 

dF 

+ 

pc 
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> 

0 
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= 

0 

Cross  multiplying  by 


;i.  x,  and  taking  the  difference 

(49) 
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About  forty  years  ago  LeVerrier  found  that  the  line  of 
apsides  of  the  orbit  of  Mercury  is  in  motion  at  the  rate  of 
38"  a  century  more  than  the  known  forces  will  explain. 
Since  then  Professor  Newcomb  has  made  a  new  investiga- 
tion of  this  question,  and  from  a  more  extended  series  of 
observations  has  confirmed  the  result  found  by  LeVekrier. 
Newcomb's  result  is  a  little  greater,  being  43"  a  century. 
This  anomalous  motion  in  the  line  of  apsides  is  the  starting 
point  of  LkYerrier's  theory  of  an  intra-Mercurial  planet, 
situated  nearly  in  the  plane  of  the  orbit  of  Mercury.  Sev- 
eral such  planets  have  been  supposed  to  be  found ;  one  by 
Dr.  Lescarbault  in  1859,  with  a  period  of  20  days,  and 
others  by  Professors  Watson  and  Swift  in  1878.  These 
discoveries,  however,  have  not  been  confirmed  to  the  satis- 
faction of  astronomers.  There  are  also  theoretical  objections 
to  the  introduction  of  such  bodies,  since  they  would  disturb 
the  motions  of  other  planets.  Some  years  ago  Tisserand 
applied  to  this  question  Weber's  theory  of  electro-dynamics, 
which  would  in  fact  produce  a  small  part  of  the  observed 
motion,  but  Weber's  theory  has,  I  think,  been  set  aside  by 
recent  investigations  in  physics.  Another  explanation  has 
been  sought  in  the  figure  and  constitution  of  the  Sun,  but 
in  this  case  observations  show  the  Sun  to  be  almost  ex- 
actly a  spherical  body.  Thus,  at  present,  no  explanation 
of  this  motion  remains. 

If  the  Newtonian  law  of  attraction  is  not  a  rigorous  law 
of  nature,  or  if  it  is  modified  slightly  under  certain  con- 
ditions, probably  this  lack  of  rigor  would  become  apparent 
first  among  the  swiftly  moving  bodies  of  our  solar  system, 
such  as  our  Moon  and  the  planet  Mercury.  In  his  Principia., 
Book  I,  Newton  has  given  some  computations  in  which  he 
assumes  the  law  of  attraction  to  be  not  exactly  as  the  in- 
verse second  power  of  the  distance.  He  shows  that  the 
perihelia  would  move  under  the  action  of  such  a  central 
force  ;  and  on  the  other  hand  the  observed  fixity  of  the  peri- 
helia is  a  strong  proof  of  his  law  of  attraction.  Laplace 
in  his  Mecanique  Celeste,  Book  XVI,  Chap.  IV,  has  investi- 
gated some  assumed  changes  of  the  law  of  attraction,  and 


has  shown  in  what  terms  of  the  Moon's  motion  these  changes 
would  become  apparent.  In  1873  Bertrand  brought  for- 
ward a  more  general  question  than  that  of  Newton,  and 
found  an  elegant  expression  for  the  angle  between  the 
smallest  radius  vector  and  the  greatest  in  the  case  of  a 
body  moving  round  a  center  of  force  in  a  closed  curve ;  the 
attraction  depending  only  on  the  distance.  The  central 
force  has  the  form 

R  =  m.r" 

m  being  a  constant,  and  r  the  radius  vector.  In  the  case 
of  a  small  eccentricity  the  angle  between  the  minimum  and 
maximum  radii  is  nearly 

6  = 


V«  +  3 


If  n  =  —2,  we  have  the  Newtonian  law ;  the  angle  6  is 
180°?  or  the  particular  radii  form  a  right  line,  and  so  far  as 
the  action  of  the  central  force  is  concerned  the  perihelion 
is  fixed.  Applying  Bertrand's  formula  to  the  case  of 
Mercury  I  find,  taking  Newcomb's  value  of  the  motion,  or 
43",  that  the  perihelion  would  move  as  the  observations  in- 
dicate by  taking 

n  =  -2.000  00016 

It  will  be  seen  that  a  very  small  change  in  the  law  of 
central  force  would  produce  the  required  motion  in  the  line 
of  apsides.  The  question  remains  to  examine  the  effect  of 
this  change  on  the  other  elements  of  the  orbit.  If  we  de- 
note by  fj.  the  sum  of  the  masses  of  Mercury  and  the  Sim 
the  equations  of  motion  are 
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d2y 
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=  0 
=  0 
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Cross  multiplying  by  z,  y,  x,  and  taking  the  difference 

(49) 
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of  the  products,  we  have  complete  differentials,  and  inte- 
grating, 

zdy—ydz 


(2) 


dt 
xdz  —  zdx 

dt 
ydx  —  xdy 

It 


c,,  c„,  c3  are  the  three  known  areal  constants  of  integration. 
It  is  almost  self-evident  that  the  node  and  inclination  are 
not  changed  by  the  introduction  of  A.  But  this  can  be 
shown  formally  as  follows.  The  rectangular  coordinates  of 
a  planet  in  terms  of  its  radius  vector,  true  anomaly,  and 
the  constants ;  to  distance  from  node  to  perihelion,  SI  the 
node,  and  i  the  inclination,  are  as  follows  : 

x  =  r[cos(v  +  o))  cos  Q  —sin  (v  +  co)  sin  SI  cost] 
y  —  r[cos(v  +  co)  sin  SI  +  sin  (v+co)  cos  SI  cost] 
z  =  r  sm(v  +  a>)  sini 

If  we  multiply  x  by  sin  SI  sin  i,  y  by  —cos  SI  sini,  and 
*  by  cos  i,  and  add  the  products,  we  have 

x  sin  SI  sin.*— y  cos  Q  sini+z  cost  =  0 

Because  the  velocities  x',  y1,  z',  along  the  axes  are  linear 
quantities,  we  have  likewise 

x'  sin  SI  sint— y'  cos  Q  sin  t+z'  cos?  =  0 

These  two  equations  give 


sin  &  tani  = 
cos  SI  tan  i  = 


yz'—zy' 
xy'—yx' 

xz1 — zx' 


xy  —yx 

These  equations  determine  the  node  and  inclination, 
which  are  therefore  constant.  If  we  multiply  the  equations 
of  motion  by  2dx,  2dy,  2dz,  add  the  products  and  integrate, 
then 


(3) 


dx2+dy*+dz2 
dp 


(1  +  A> 


+  h 


0 


h  being  the  constant  of  integration.  If  we  add  the  squares 
of  equations  (2)  we  find,  after  a  little  reduction,  and  put- 
ting    c*+c*+c*  =  k\  " 


W 


r2(dx2+df+dzT)         r>dr2 


=  k2 


dt1  dt2 

Eliminating  the  square  of  the  velocity  between  equations 
(3)  and  (4),  we  have 

rdr(l+±y* 


(5) 


dt  = 


V2/ir'-' 


-(1+A)r*ft— (1+A).*8 
The  two   expressions  for  the  element  of  the  curve  in 
space,  in  rectangular  and  polar  coordinates,  give 

dx2+dy2+dz2  =  dr'+r'dv2 
and  from  equation  (4) 


dv  = 


k.dt 


Substituting  from  (5)  the  value  of  dt, 
7c(l  +  6.y*.dr 


dv  = 


(6) 


(7) 


P-v/V-1— (1+A)  r'h—a+A)  k" 
This  equation  shows  that  the  maximum  and  minimum 
values  of  r  are  determined  by  the  equation 

h 


^~h   +  f  =  0 


(1+A)  A 
Since  A  is  small,  let  us  put    p.  =  /t>4,    and  the  equation 


becomes 


(1  +  A)  A  h 


If  the  roots  of  this  equation  are    a(l+e),    and    a(l  —  e), 
then 

„'  k2 

(1+A)A  v         '        h 

and  inversely 


h  = 


ka(l-e') 
">|    1  +  A 


(1  +  A)a 

With  these  values  of  h  and  k  equation  (7)  gives 


Vo(l— e«).dr 


dv 


''J2 


|2r —   -—  a(l- 


(8) 


The  value  of  dv  is  in  the  common  form,  and  the  integral 


is 


a(l-eP) 


(9) 

l+ecos(v  —  co)  y 

This  is  the  polar  equation  of  an  ellipse,  the  pole  being  at 
the  focus,  and  m  being  the  constant  of  integration.  Equa- 
tion (5)  gives 

df_  (1  +  A)"».rfr 


>"J 


dt 


2r ail— e*) 

a  ' 


(1  +  A)a\1/S  rdr 

/*'       )     '   Va!e'-(M' 


If  we  assume  r—a(l  —  e cos  u)  from  which  a  —  r  =  aecosu, 
then 

'1  +  A\1/2 

.  a3/2  (1  —  e  cos  u)  .  du 


dt 
and  integration  gives 

,'1+aV' 

t+T  : 


a?'-  (u—e  sin  a) 


(10) 


where  T  is  the  constant  of  integration.  Equation  (10) 
completes  the  solution.  The  relation  between  the  eccen- 
tric anomaly  u,  and  v,  the  true  anomaly,  will  be  found  by 
equating  the  two  values  of  the  radius  vector. 

Hence  the  solution  is  simple,  but  it  must  be  tried  by 
comparison  with  observations.    Taking  the  mass  of  Mercury 
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=  lusiiroff)  tne  mean  distance   a  =  0.3870988,   and  com- 
puting the  value  of  /x'  from  the  value  of  a,  I  find 


log.(. 


1  +  A 


=  9.9999999584 


The  factor,  therefore,  by  which  equation  (10)  differs 
from  the  corresponding  one  under  the  Newtonian  law,  is  so 
nearly  unity  that  it  seems  possible  such  a  change  may  be 
permitted  by  the  observations. 

The  question  may  be  raised  whether  the  phenomenon 
which  is  sought  to  be  explained  is  a  real  one.     LeVekrier 

1894  May  5.  


says  :  "  The  necessity  of  an  increase  in  the  secular  motion 
of  the  perihelion  of  Mercury  results  exclusively  from  obser- 
vations of  the  transits  of  the  planet  over  the  disk  of  the 
Sun.  The  exactitude  of  these  observations  is  beyond 
doubt."  Professor  Newcomb  has  used  the  same  kind  of 
observations  extended  over  a  longer  time.  For  my  own 
part  I  cannot  doubt  the  correctness  of  the  increase  of  the 
secular  motion  found  by  these  astronomers.  Still,  it  would 
be  well  to  have  such  an  important  result  confirmed  by 
meridian  observations,  or  by  referring  the  position  of  the 
planet  to  known  stars. 


SUPPLEMENT   TO 


SECOND  CATALOGUE  OF  VARLABLE   STARS, 

By  S.  C.  CHiLYDLER. 


This  Supplement  to  the  Second  Catalogue  (A.J.  300)  is 
arranged  in  three  tables,  like  the  Supplement  (A.J.  216)  to 
the  First  Catalogue  (A.J.  179-80).  These  tables  conform 
strictly  to  the  explanations  in  the  preface  to  the  Second 
Catalogue.  The  Catalogue  and  Supplement  combined  com- 
prise 279  known  variables,  and  furnish  a  full  statement  of 
our  knowledge  up  to  date,  so  far  as  is  possible  in  so  suc- 
cinct a  form.  The  elements  of  the  Catalogue  have  been 
revised,  and  those  for  the  newer  stars  have  been  supplied 
where  possible,  although  some  of  the  latter  are  rude. 

There  are  signs  of  improvement  in  the  positions  of  new 
variables  currently  announced,  thus  removing  one  source 
of  annoyance  and  confusion  to  observers.  The  very  moder- 
ate degree  of  accuracy  required  for  this  purpose  is  easy  of 
attainment  even  by  the  most  poorly  equipped  amateur. 
Perhaps  it  is  not  too  much  to  hope  that  the  coarse  standards 
of  precision  of  a  round  tenth  of  a  minute  in  right-ascension 
and  round  minute  in  declination,  will  in  future  disappear. 

There  is  urgent  need  that  some  observer  should  take  up 
observation  of  variables  visible  only  in  the  Southern  hemi- 
sphere, and  especially  the  independent  confirmation  of  the 
stars  found  at  the  Boyden  Observatory  at  Arequipa,  and  by 
Roberts  in  South  Africa.  The  latter  seems  to  have  had 
unexampled  success  in  finding,  within  a  short  time,  a  large 
number  of  variables  which  seem  to  belong  exclusively  to 
one  interesting  type,  and  he  has  assigned  their  periods 
with  apparent  exactness.  It  would  be  of  great  value  if  he 
would  publish  the  details  of  the  extremely  interesting  work 
he  is  so  zealously  prosecuting ;  as  well  as  his  methods  of 
observation,  and  determination  of  elements. 

The  following  stars  are  to  be  struck  out  of  the  list  of 
"Unconfirmed  Stars"  in  the  Second  Catalogue,  since  they 
have  been  confirmed,  and  will  be  found  in  Table  I  on  the 
next  page :  -  (1805),  (2170),  (6943),  (7351),  (7450),  (7457), 
(7458),  (8116) ;  also  (7784)  which  had  already  been  trans- 
ferred in  the  Second  Catalogue  (7783  RV  Cygnis.  I  am 
indebted  to  Prof.  Kreutz  for  the  note  of  this  oversight. 
The  following  stars  may  also  now  be  struck  out  of  the 


same  list,  the  first  proving  to  be  a  mistaken  announcement 
by  the  discoverer,  and  the  others  appearing  to  be  constant, 
after  careful  watch  by  trustworthy  observers :  —  (1220), 
(1948),  (2305),  (7020),  (7280),  (8100),  (8499),  (8617).  Since 
the  Catalogue  was  published  Yendell  has  carefully  ob- 
served all  these  objects,  and  his  authority  seems  sufficient, 
in  addition  to  Sawyer's  and  my  own  observations,  to  war- 
rant their  excision  from  the  list. 

The  following  are  additional  notes  to  some  of  the  stars 
in  the  "  Unconfirmed  List "  of  the  Second  Catalogue. 

(691) — Persei.  Hartwig  has  assigned  the  letter  V  to 
this  star.  I  abstained  from  applying  any  letter  in  the 
Catalogue,  from  suspicion  of  error  in  the  original  announce- 
ment of  variability.  Yendell,  who  has  given  it  strict  and 
continuous  attention,  is  of  the  same  opinion.  The  letter  V 
has  therefore  been  given  to  another  star  (980  V  Persei  in 
Table  I).  If  there  should  hereafter  prove  to  be  a  variable 
in  or  near  the  place  of  (691),  it  may  receive,  when  confirmed, 
the  next  letter  then  unappropriated.  This  seems  the  best 
way  out  of  the  embarrassment,  and  affords  a  new  example 
of  the  need  of  a  conservative  avoidance  of  precipitancy  in 
assigning  a  definitive  notation. 

(1279) — Camelopardalis.  The  narrow  extremes  of  bright- 
ness yet  observed  in  this  extraordinarily  red  and  difficult 
star,  do  not  yet  exclude  possibility  of  mistake.  Every  ex- 
perienced observer  is  aware  of  the  uncertainty  of  estimates 
in  such  cases,  and  there  is  no  reason  to  think  that  photo- 
graphic images  can  be  relied  upon  any  better.  Mr.  Yen- 
dell's  counsel  has  been  followed,  by  assigning  no  letter  as 
yet.  There  would  be  equally  good  ground  for  lettering  a 
large  number  of  other  red  stars  showing  uncertain  variations 
of  the  same  unimportant  type.  These  are  common  in  the 
heavens.     The  result  would  be  confusion  beyond  remedy. 

(1801)  — Camelopardalis.  Correct  position,  (1855)  4"  55m 
21»,  +68°  28'.2. 

(7238)  —  Cyyni.  There  is  still  conflict  between  the  ob- 
servations of  Espin,  Deiohmuller,  Hartwig,  Yendell, 
and  myself. 
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1.     List  of  New  Variables,  Si  pplementartt  to  the  Catalog)  e 


\, 

Star 

L900.0 

I '.ii  hi 

is 

35.0 

Red- 

Magnitude 

B.  \. 

Deel. 

Annual  Variation 

i;.a 

Decl. 

ness 

Max. 

Miti. 

103 

'1"  Andromedae 

li       in       s 

(I   17    L0 

+26  26  l 

+3!l2 

+  0.33 

h         m       s 

ii   1  I  50 

+26    11.4 

8.2 

13? 

980 

V  IVrsi-i 

2  43   15 

+56  34.1 

1.40 

0.25 

2  39 

58 

+  50  22.6 

5.0* 

8.5 

9.5? 

1805 

V  <  Irionis 

5     0  47 

+  3  58.0 

3.16 

+0.09 

1  58 

25 

+  3  54.0 

i.i" 

8.4 

12< 

2170 

S  Leporis 

6     1   38 

-24  11.2 

2.47 

0.00 

5  59 

47 

-21    11.1 

_ 

0.7 

,  .5 

5171 

BS  Virginis 

14  22   18 

+  5     7 

3.00 

-0.27 

1  1  20 

3 

+  5  19 

_ 

8.2 

12? 

5511 

BS  Librae 

15  IS  30 

-22  34 

3.50 

0.22 

15  15 

53 

—  22   2  1 

_ 

s.4 

<11 

5533 

I;  Normae 

1 5  22   1 1 

-50  13.9 

1.31 

0.21 

15  18 

57 

-50     IM 

_ 

7? 

6062 

EtRScorpii 

Id  50  16 

-.'ill   25.7 

3.82 

0.10 

16  47 

24 

-30  21.1 

_ 

7.3   7.7 

11.6 

6207 

Z  ( tphiuchi 

17   M   28 

+   1   37.3 

3.04 

-0.O7 

17   12 

12 

+  1    in.:; 

3.0 

8.2 

12.5 

6900 

W  Aquilae 

19  to    0 

-   7  13.2 

3.23 

+0.10 

19     7 

34 

-  7  17.0 

_ 

8.5 

12? 

6943 

T  Sagittae 

19  17   14 

+  17  28.1 

2.68 

0.11 

19  15 

13 

+  17  23.2 

5.5* 

8.3 

9  9 

7139    BR  Sagittarii 

19    19    13 

-29  27.2 

3.74 

0.15 

19  46 

54 

-29  34.0 

_ 

7.5 

<12.5 

TIM  7 

K.\  Cygni 

20     7  46 

+  47  30.9 

1.84 

0.18 

L'n     6 

24 

+  47  23.0 

_ 

7.5 

8.3 

7351 

BW  Cygni 

20  25  12 

+  39  38.8 

2. 1 8 

0.20 

20  23 

34 

+39  29.9 

7.0* 

7.7 

10.5 

7  lis 

M    Lquarii 

20  41  10 

-   4  20.9 

3.15 

0.22 

20  38 

48 

-  4  36.6 

— 

8.0 

9.6 

7450 

V  A i J uiiiii 

20   11  46 

+   2     4.2 

3.04 

0.22 

20  39 

29 

+   1   54.6 

2  5* 

s.l 

9.3 

7458 

V  Delphini 

20  43  14 

+  18  58.0 

2.72 

0.22 

I'll  41 

11 

+  18  48.3 

_ 

8.9-9.1 

12? 

8116 

W  <  Jephei 

22  32  39 

+  57  54.4 

2.2S 

0.31 

22  30 

56 

+  57  40.5 

4.5* 

7.3 

8.3 

8324 

V  Cassiopeae 

23     7  22 

+  59     8.4 

+  2.56 

+  0.33 

23     5 

27 

+  5S  53. 8 

- 

8.3 

12 

Notes  to  Table  I. 


No. 

Discovered 

Confirmed 

No. 

Discovered 

Confirmed 

103 

Anderson,  1893  ; 

Hartwig,  Fleming 

1S95 

Boss,          18S7  ; 

Yendell 

980 

Espin,        S193 ; 

Vendell 

2170 

Sawyer.      1891  : 

Yendell 

II.     Additions  and  Corrections  to  the  Elements  of  the  Catalogue  in  No.  300. 


No. 


114 

07S 
111:: 
1574 
1717 
I'.isl 
2100 
2258 
2200 
252S 
4847 
5338 
5438 
575S 
5770 
5887 
0044 
6682 
6923 
7085 
7234 
7251' 
7444 
7450 
7488 
7733 
7783 
8068 


Star 


S  <  Jeti 
D  Persei 
U  Arietis 
AY  Tauri 

Y  Tauri 

S  Camelopard. 
C  I  irionis 

Y  Aurigae 

A*  Miinocerotis 
B  i  reminorum 
8  Virgin  is 
I'  Bootis 

Y  Librae 
A"  Herculis 
X  Scorpii 
VOphiui'lii 
S  Herculis 
X  Ophiuchi 
Z  Sagittarii 

RT  Cygni 

R  Capricorni 
W  Capricorni 

T  Delphini 
RR  Cygni 

Y  Cygni 

Y  Capricorni 
RU  Cygni 

S  Lacertae 


M — m 


145 


89 
150: 

1  15: 


121 

90 
60 

140 
100 

87 
40: 

240: 


Elements  of  Maximum,  Greenwich  M.T. 
Epoch     (Cal.)  (Julian)  Period 


Inequalities     Remarks 


1873  Jan.      6  =  2405165     +320.0 E 


Irregular 


1892  Oct.  28 
1SS0  Feb.  5 
1872  Sept.  3 
1S92  July  20 

1 885  Dec.  1 

1886  Dec.  4 

1868  Feb.  7 

isso  Alar.  11 
1861  July  22 
18!  10  July     4 

1874  May  20 

1886  May  7 
1888  Aug.  10 

1887  Sept,  5 

1S72  July  10 
1864  Sept.  16 

1888  May     8 


1890  May     G 

1891  July  18 


+  25sin(2°.4E  +  60o) 
Periodic  inequality 


2412400     +383     E 
240  7751      +142.0  E 

2405040      +170.0E 
2412300     +300     E? 
2409877     +375     E 
2410245     +313     E? 

For     Feb.  14    put     Feb.  1 
2403370.0  +870.2  E     +35  sin(6°E  +  78°) 

For     240  7512    put     2397512 

240  7786.0  +170.7  E     Periodic  inequality 
2400979     +325     E 

I'll  1553      +   92.5  E 

For     2400634    put     2400364 
+  302.5  E 

Elements  give  phases  40d  to50d  too  early 
21 10034     +330     E? 
2410860     +450     E? 
2410520      +189.5  E 

Strike  out  remark  "  Elements  uncertain  " 
1'Ki  1085      +1-07.7  E 
2402133     +331.2  E 

241  1 1700      +100      E 

viv  \  Even  1886  Dec.  9d  1U1 10m.8+  ldnh57m  27s.cE?  nimir 

-"-X  '{Odd     1886Dec.9      9     67    ."  +  1     11     57      15.2E$JJUner 

Strikeout  remark  "Elements uncertain" 
2411484     +396     E? 
2411934     +154     E 


.1/ 


5 

19 

3 

9 


S 

2 
4 

9 

17 
4 


Basis  of  Elements 
m         Dates  included 


2 

91 


1872-94 

1892,  93 
1880,  87-94 
1  sir,.  54,  71-94 
1892-94 
1 885-94 
1886,  91-93 

1796,  1855-93 

1857,  sii-'.M 

1801.78.87-93 

1890-93 

1874-93 

1886-93 

1888,  93 
1842,  87-93 

1872-91 
1855,  63-93 
1888-93 
1886-93 

1890-93 
1891-94 
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IN  No. 

300  of 

the  Astronomica 

/  Journal. 

Xo. 

M — in 

Elements  of  Maximum,  Greenwich  M.T. 
Epoch  (Cal.)             (Julian)             Period 

Inequalities            Remarks 

-V 

Is  "t  Elements 
m            Dates  included 

103 
980 
1805 
2170 
.-.17  1 
55 1 1 
5533 
8062 
6207 
6900 
69 13 
7139 
71'  17 
7351 
744S 
7450 
7458 
8116 

65 
140 

123 

a 

d 

Irregularly  periodic 
Pickering's  elements 

Short  period,  or  irregular 

Yendell's  period 

2 

4 

1 

7. 
3 

2 

:; 
2 

1 
4 

4 

L891,  94 

1890  94 
1889  :'l 

L855,  56,  S7--92 
1879  92 

1888,  93 
1890-93 
1890,  93 

is'. il  Feb.    14 

1890  May  22 
1889  July     9 

=  241  L778 

I'll  1510 
2411193 

+266     E? 

+366     E 

+  222     E 

+278     E 
+348.4  E 

+  177    E? 

+338     E 

+300    E? 
+245     E 
+360     E 

7.17. 

1887  July  25 

1893  May     1 

1 885  Dec.  10 
L891  Sept.  26 

2410478 
2 1 1  2585 

2409886 
2412002 

1888  Dec.   12 
L891  Jan.  15 
1890  Dec.  20 

I'll  0984 

I'M  174* 

=  I'll  1711' 

8324 

V',  i  -  to  Table  I. 


X... 

Discovered 

<  'onfirmed 

.",174 

Fleming. 

1892  : 

Hartwig 

5511 

Fleming, 

1892  : 

<  han. Her 

5533 

Fleming, 

1-.':;  : 

Campbell 

6002 

Thome. 

1892  ; 

Fleming.  Yen.lell 

<;-2<r, 

Fleming, 

1893  : 

V.ii.lell.  Chandler 

6900 

DeBall, 

1893  : 

Schwab 

6943 

Espin. 

1886  : 

Yen.  1. -11.  Chandler 

7139 

Thome. 

1891  ■ 

Fleming 

Xo. 

Discovered 

Confirmed 

7247 

Deichmuller,  1893  ■ 

Yendell 

7351 

Espin,              1885  : 

Yen.lell 

741^ 

Fleming,         1891 ; 

Hartwig 

74.V  1 

DeBall.            1891  : 

Yen.lell 

745S 

Fleming,         1  MM  : 

Yendell,  Hartwig 

8116 

Espin,              1885  : 

Yen.lell.  J.  A.  Parkhurst 

8324 

Anderson,       1^'..:;  ■ 

Hartwig 

III.     Stabs  Awaiting  Confirmation,  Supplementary  to  the  List  ix  thi    Catalogue  in  Xo.  300. 


Xo. 


,  118) 
l  780) 
(2083) 
(3040) 
(3055) 
(3416) 
(3767) 
(5159) 
(5750) 
(6101  i 

(65 

(6653) 

(6699) 

(6716) 

(6769) 

(6894 

(6897) 

(7118) 

(7492) 


Star 


— Sculptoris 
:  Tucanae 
Persei 
tnbae 

-Carina.' 
inae 
— Velorum 

Carinae 
-Bootis 
-Triang.  austr. 
-Scorpii 
-Pavonis 
-Lyrae 

I  'racOnis 
-Lyme 
-Sagittarii 
-Lyrae 
-Cygni 
-Aquilae 
-Cygni 


1855.0 


R.A. 


ii  8     2 

ii  17  35 

2  6  53 

5  15  27 

8  25  46 

8     "! 


8 
15 


in  27  44 

14  17  4o 

15  54  27 
L6  53  47 

17  58  -,7 

18  27  19 
Is  35  38 
18  -47  49 

18  45  30 

19  7  16 
I'.i  s  27 

19  14  17 

20  47     9 


Deel. 


-32 

—  72 
+  57 
29 
-59 
-58 
-44 
—57 
+26 
-62 
-36 
-63 
+36 
+  55 
+  36 
22 

+25 

+  49 
+  4 
+  46 


51.1 

40 
51.2 

1'u 
38.3 
41.1 
34.1 
47,.  4 
22.0 
:;i  u; 
::r, 
38.2 
53.1 
28.6 
49.4 
4s.ii 
45.6 
24.2 
7,. '4 
47 


v  i  imposed 
limits 


6.5-10.0 

8.7-  ? 

7.9-1  4. 4< 
7.2-  8.0 
8.6 
'.».:; 
8.6 


7.8- 

i  .7- 
7.8- 


.  i 


9.2-12.9< 

7.6-  '4.0 
7.2-  7.8 
8.5-    '.' 
7.2-  7.ti 

'4.7  7 
9.0-12.0 
8.7-10.2? 
S.7,-<12 
9.1-    13 


,  ibserver 


Remarks 


Fleming 
Fleming 
Hartwig 

Fleming 

Roberts 

Roberts 

\V.  ,i  .ils 

17  berts 

Hartwig 

Roberts 

Fleli.; 

Fleming 

Birmingham 

Espin 

Safarik 

rik 

Espin 

Deichmiiller 

Fleming 

Espin 


"Max.  1846  Sept.  22+366E" 

6  variables  in  the  cluster  i   1.2V.  cxxxv,  130) 

Wolf's  an.l  Yen.lell's  observations  favor 

-  Period,  6d.66" 

"Max.  1893  Feb.  22.3+6.52  E" 

Altjol-tjipe? 

"•Max.  1894  Feb.  9.2+3.637  E" 

••Period  more  than  1  years" 

••Max.  1S94  Feb.  7.7 -1.7,  Hi  E" 

1  i  rdoba  data  favor  var.  .  7\,,-9\',  i 
an.l  Safarik  :    Espin's  ami  Wolfs  phot,  favor 
H.  C.  (>.  photographs  show  no  var. 
Espin's  and  Wolf's  phot,  fai       -    -.  L0M.2) 
Red  :   faintei  if  .  pair 

Hartwig's  observation 
"Period  about  one  year" 


56 


THE     ASTKiiNdMlCAL     JOURNAL. 


N°-319. 


1894 

a 

ll           in         B 

S 

o          ' 

logA 

Brightn. 

1894 

a 

h          in        B 

8 

O            ( 

•log  A 

May  26.5 

in   ll    II 

36  L2.6 

9.9120 

(».77 

June    9.5 

11  24  35 

+  41    12.7 

0.0692 

28.5 

.-,1  28 

37   16.7 

.9383 

11.5 

29  16 

41  35.8 

.0873 

30.5 

in  57  46 

38  11.7 

.9632 

0.57 

13.5 

.■;.">  47 

41   55.9 

.1046 

June     t.5 

11     3  41 

38  59.1 

9.9867 

15.5 

38  in 

42   13.3 

.1211 

3.5 

9   17 

39   10.0 

0.0090 

0.43 

17.7. 

12  26 

41'  28.3 

.1368 

5.5 

1  1  37 

in  15.3 

.0301 

19.5 

16  35 

42    11.1' 

.1518 

7.5 

11    in    12 

+  10   16.0 

0.0502 

00.33 

21.5 

11  50  37 

+  42  52.2 

0.1662 

L894  Ma 

vL'l. 

SECOND    PERIODIC 

1873  II = 

1878  111  = 

g 

COMET   OF 

CEMPEL, 

c  1894. 

This   cornel   was  found  by    Finlay,  May  8,  remarkably 

1894 

a 

8 

O            t 

log  A 

close  to  th 

i  position  assigned  by  Schulhof's  ephemeris. 

June  6.5 

l   12m468 

+  0  18.2 

0.21552 

M 1.  S<  in  i. ■'  has  now 

corrected  the  elements 

by  the 

7.5 

15  33 

it  27.1 

lu-w  observations,  and  publi 
corrections  to  the  ephemeri; 

shes  in  A.N. 
Applying 

3229  the  i 

these,   w  e 

esultant 

have 

8.5 

9.5 

10.5 

18  18 
21     3 
23    18 

0  35.9 
ii    14.6 
(i  53.1 

0.21  192 
0.21432 

Ephemekis   fob  ^ 

1894                               a 

ll      III           s 

AMI  IN'. TON 

8 

M  1  DNIGHT. 

log  A 

1 :  r'A8 

11.5 
12.5 
13.5 

26  31 

l".i  14 
31  35 

1     1.5 
1     9.8 
1    17.9 

0.21371 

June  3.5 

1   4  17 

—  o     9.5 

14.5 

34   36 

1  2.5.8 

0.21309 

4.5 

i      i 

—  it     0.2 

0.21611 

0.182 

15.5 

37  15 

1  33.6 

5.5 

1  li  57 

+  0     9.1 

16.5 

1   39  53 

+  1  41.3 

0.21246 

Briglitn 


0.26 


0.21 


o.i; 


1 :  r*A 


0.179 


0.17' 


H.174 


NEW   ASTROXOMICAL   WORK. 


Publications  of   the   Waahbwn     Observatory  of   the   University  of 
Wisconsin.     Vol.  VIII. 

This  volume  contains,  in  Part  1.  the  results  of  the  meridian-circle 
observations  made  in  the  years  1888-1890  by  Professor  S.  J.  Brow  x, 
U.S.X.,  assisted  by  Albert  S.  Fi.ixt  and  H.  V.  Egbert,  as  pre- 
pared for  publication  by  Prof.  George  C.  Comstoi  k. 

The  original  plan  contemplated  determinations  of  the  positions  of 
the  Zusatzsterne  of  At  wees' s  Fundamental-Catalog,  but  during  the 
progress  of  the  work  the  greater  part  of  the  stars  of  that  catalogue 
received  determinations.  The  right-ascensions  depend  upon  those 
of  the  Berliner  Jahrbuch,  nos.  1  to  336;  the  declinations  are  inde- 
pendent. 

The  polar  deviation  of  the  instrumental  meridian  was  derived  from 
the  tabular  right-ascensions  for  which  daily  ephemerides  are  given  in 
the  Jahrbuch,  or  the  measures  were  reduced  to  this  standard.  The 
right-ascensions  are  examined  with  reference  to  a  variety  of  sources 
of  personal  and  instrumental  error,  with  generally  satisfactory  results. 

The  zenith-distance  observations  are  corrected  for  division-error  and 
flexure.  The  division-error  was  determined  for  diameters  at  intervals 
of  10',  and  a  table  of  corrections  is  formed  by  means  of  a  systematic 
adjustment.  Professor  Comstock  infers  that  the  probable  error  of 
the  mean  reading  for  four  microscopes  due  to  outstanding  division- 
error,  is  ±0".04.  The  Pulkowa  refraction-tables  are  employed  in  the 
reductions.  A  careful  discussion  of  the  indications  of  the  thermome- 
ters, together  with  a  comparisons  of  the  results  for  latitude,  at  differ- 
ent distances  from  the  pole,  leads  to  the  conclusion  that  the  adopted 


refractions  need  no  material  correction  for  the  Madison  observa- 
tions. 

Professor  I  OMSTOi  K  finds  forthe  probable  errors  in  K.A.  and  Decl. 
respectively: 

±a\019  seci!  (secz  )'/t  ;  ±  V(0".35)^+(0".115  tanz)s 

comparing  the  declinations  with  those  of  the  Berliner  Jahrbuch,  a 
well  marked  difference  depending  upon  R.A.  is  found,  with  a  range 
of  values  approximating  1".  Arranged  in  order  of  declination,  the 
systematic  differences  are  smaller.  The  largest  (.V — B.J.  =  — 0'.3) 
are  found  in  declinations  from  +-5°  to  +30°. 

Neither  the  individual  nor  the  mean  results  of  the  determinations 
are  given  directly:  but  they  are  presented  in  the  form  of  corrections 
to  the  places  in  the  Jahrbuch. 


Part  2  of  this  volume  contains  the  results  of  observations,  by 
Professor  Comstock  and  Mr.  Flint,  of  Mars  at  its  opposition  in 
1892.  The  programme  of  Professor  E.wr max  was  followed,  except 
that  the  distance  of  the  parallel  wires  used  in  bisections  of  Marx  was 
11",  instead  of  16".     The  observations  of  Mars  are  59  in  number. 

The  use  of  the  reversing  prism  revealed  decided  discrepancies  of  a 
variable  nature  between  those  which  were  made  in  the  ordinary  way 
without  the  prism,  and  those  in  which  the  direction  of  the  apparent 
zenith  was  reversed  by  the  use  of  the  prism.  For  each  of  the  obser- 
vers the  variation  of  these  differences  is  stated  to  have  been  a  little 
greater  than  1".  For  the  greater  part  of  the  observations  the  prism 
was  used,  and  therefore  no  correction  for  error  of  bisection  is  applied 
in  those  results. 


Xo.  318,  p.  48.  Right-ascension  of  comet,  May  B,     for 
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VARIATION   OF  LATITUDE  FROM  THE   GREENWICH   MURAL-CIRCLE  OBSER- 
VATIONS, 1836-51, 

B-s   S.  C.  CHANDLER. 

(Cape)  Circle,  which  had  meanwhile  been  repaired,  was 
used  as  a  substitute,  while  the  Troughton  Circle  was  re- 
mounting on  the  east  wall   of  tin'   rooms  below  the  library, 


The  remarkably  satisfactory  results  obtained  from  Pond's 
work  with  the  Mural  Circles,  from  1825  to  1836,  has  en- 
couraged me  to  discuss  the  continuation  of  tin'  series  under 
Ana's  directorship,  from  1836  to  1851.  For  this  interval. 
however,  tin'  work  has  not  the  homogeneous  character  that 
it  had  under  Pond.  Pond's  method  of  operating  the  in- 
struments conjointly,  described  in  no.  313,  was  continued 
unchanged  until  1839  February  24,  by  Airy;  who  then, 
seeing  no  advantage  in  the  simultaneous  use  of  two  like 
instruments,  gave  up  the  Jones  Circle,  which  was  sent  to 
the  Cape  of  Good  Hope,  in  exchange  tor  the  damaged  Cape 
Circle.  Thereafter  the  Troughton  Circle,  provided  with  a 
telescope-micrometer  with  fixed  and  movable  threads,  was 
employed  alone;  but  direct  and  reflected  observations  were 
still  obtained  at  the  same  culminations'.  Six  microscopes 
were  used,  except  between  IN  13  Sept.  L5  and  1844  Mar.  21, 
during  which  time  the  microscopes  were  removed  and  re- 
paired, in  successive  groups  of  three;  meanwhile  leaving 
the  other  three  equidistant  microscopes  for  observation. 
After  the  hist  date  mentioned  the  readings  of  the  six  were 
resumed.  The  use  of  the  fixed  wire  was  also  changed,  in 
L843,  lor  that  of  the  movable  wire,  in  the  telescope-microm- 
eter. Xo  other  change  of  importance  took  place  until  1848 
May^lO,  when  the  instrument  was  temporarily  dismounted. 
for  the  purpose  of  installing  the  Transit-Circle.     The  Jones 


under  a  shed  prepared  for  it.  Tie'  new  location  was  48 
feel  east  and  10  feet  south  of  its  former  position.  Here 
the  observations  were  continued  with  it.  from  1S4S  duly  l'l 
to  the  end  of  1850,  when  the  employment  of  the  Mural 
Circles  was  definitively  abandoned. 

The  record  of  these  changes  is  important,  as  they  have  a 
distinct  bearing  on  our  discussion,  as  hereafter  shown. 

The  material  chosen  for  discussion  is  practically  all  that 
can  lie  advantageously  used,  and  comprises  all  the  obser- 
vations, of  the  4.'!  stars  in  the  following  table,  for  which 
direct  and  reflected  pointings  were  obtained  at  the  same 
culmination.  These  give,  of  course,  the  absolute  altitudes, 
eliminating  the  index-error,  as  in  the  Pond  series.  Thus 
we  have  4353  observations  distributed  as  shown  in  the 
table.  All  the  stars  used  in  the  Pond  series  were  included, 
except  numbers  11  and  14  (a  Canis  minoris  and  yLeonis), 
which  were  very  insufficiently  observed  after  1835.  In 
addition  we  have  the  nine  stars  whose  numbers  have  the 
suffix  "a"  in  the  table.  While  the  material  is  by  no  means 
so  ample  as  Pond's,  it  is  more  uniformly  spread  over  the 
whole  interval  of  time. 
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As  regards  reduction.  I  have  corrected  all  the  observa- 
tions, as  they  arc  given  in  the  tallies  of  individual  north 
polar  distances  in  the  Greenwich  volumes,  so  as  to  cor- 
respond to  the  same  values  of  the  astronomical  constants  as 
1  adopted  for  the  reduction  of  Pond's  observations  ;  namely, 
the  Pulkowa  precession  and  nutation,  the  aberration  20".500, 
and  Boss's  proper  motions.  The  refractions  needed  no 
correction.;  as  Bessel's  tables  were  adopted  by  Airy  from 
the  beginning  of  his  Greenwich  administration.  It  is  de- 
sirable to  specify  in  detail  how  these  corrections  were 
effected. 

To  reduce  to  the  constants  above  adopted,  the  Greenwich 
north  polar  distances  require  the  following  corrections. 

Since  the  original  reduction  was  to  Jan.  1.0  of  each  year. 
for  the  Greenwich  meridian,  the  reduction  to  the  beginning 
of  Bessel's  fictitious  year  is,  /IE  —  +0".055  k  cos  a  • 
where  k  is  the  interval  in  fractions  of  a  day  to  refer  to 
©  =  280°. 

From  183(1-49.  inclusive,  Bessel's  old  constant  of  pre- 
cession, 2o".o426.  was  used  at  Greenwich.  Hence  the 
reduction  is     /IP  =  +0".015  t  cos  a. 

No  proper  motions  were  used  at  Greenwich  for  reduction 
to  mean  place,  for  any  of  our  stars  except  a  Bootis  and 
B  Aquilae.  Tutting  for  these  stars,  p!  =  —  0".04  and 
+0".03,  respectively,  as  the  differences  from  Boss's  proper 
motions,  and  for  the  other  stars  Boss's  values  of  //.  we 
have,     J/x'  =  t/x'. 

From  1836  19,  the  Greenwich  observations  were  re- 
duced with  the  aberration-constant  20". 36;  for  1850,  with 
20".42.      Putting  then,  from  1836-49, 

m  sin  M —  — 0".14  (sin;  cos  6"  —  cos:  sin«  sin  8) 
hi  cos  M  =  — 0".14  cos<t  sin  8 

and  for  1850  changing     — 0".14  to  — 0".08.     we  have  the 
correction  for  aberration,     J/:  =  m  sin(Q+J£). 

If  we  take  the  differences  between  the  expressions  for 
the  nutation  used  in  the  Nautical  Almanacs  from  1836-50, 


and   those    of    Peters,   and   write    them,   transformed  for 
convenience,  into 


/,,  =  +0".0241  sin(&-«) 
+0".0059  sin(«-2©) 
+0",0004  sin(0+r+«) 
+0".0004sin(«+2O) 


-0".050i s«  sin(O-r) 

0".0089  sin(0+r— «) 
-0".0023  sin(a+fl) 


then,  neglecting  insignificant  terms,  and  putting  with  suf- 
ficient accuracy,  Q  =  (1839.0— t)  19°.34,  T  =  280°,  we 
have  the  correction  for  nutation, 


dv  =  +0".024  sin[(1839.0— *)  19°.34  - 
+  0".051  cos«  sin  (©-280°) 


«] 


It  will  be  seen,  that  the  terms  depending  on  C  and  1<L 
have  been  neglected.  This  can  be  done  with  safety,  as 
their  effect  on  the  mean  polar  distances  as  hereafter  taken 
in  groups  of  10  or  12  days,  for  each  star,  will  rarely  be  as 
much  as  0".Ol  or  Q".02;  and  that  on  the  values  of  J<s  ob- 
tained by  combining  the  stars  in  very  different  right-ascen- 
sions will  be  \ery  far  below  those  limits. 

From  1836  to  1843,  inclusive,  the  Greenwich  reductions 
were  made  with  v  =  51°  28'  39".00 ;  from  1844  to  1S50, 
inclusive,  with  51°  28'  38".20.  From  1848  July  21  to  the 
end  of  1850.  the  change  in  the  location  of  the  instrument. 
Jis  =  —  0".10,  was  ignored.-  From  a  provisional  discus- 
sion of  the  six  polars  in  our  lists,  I  obtained  <p  =  51°  28' 
38".37,  so  that  the  reduction  for  latitude,  (— J<r),  is; 
1836-43,  +0".63;  1844-48  July  21,  -0".17  ;  afterwards, 
-0".27. 

For  convenience  the  same  equinox  was  chosen  as  for 
tic  Pond  series,  1830.0.  Calling  _P0  the  annual  preces- 
sion for  the  middle  date,  the  reduction  to  equinox  is 
JP0  =  (Year  -1830)  (P0 +/*').  Of  course  the  higher  terms 
of  the  precession,  and  the  secular  variation  of  proper  mo- 
tions, were  rigorously  allowed  for  in  the  polar  stars. 

I  cannot  find  that,  in  any  of  the  Greenwich  reductions, 
the  reflected  observations  were  reduced  to  the  center  of  the 
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instrument.     Therefore    we   must    apply  the    further   cor- 
rection,     +0".046tan£. 

The   collective  correction   to  the   Greenwich  polar  dis- 
tances is  therefore 
z/(A)  =  .lE  +  JP+Jn'  +  Jk  +  .JrT  /c-  +  .//'„  ±0".046  mi,: 

The  double  signs  are  for  U.( '  and  L.C.,  respectively. 

Tins  correction  being  conveniently  tabulated  for  each  of 
the  43  stars,  was  applied  to  the  Greenwich  values  of  polar 
distance,  after  they  had  been  combined  in  ten  or  twelve-day 
groups;  the  results  being  then  expressed  in  declination. 


From  this  point  the  treatment,  by  means  of  two  approxi- 
mations, for  the  purpose  of  getting  normal  mean  values  of 
<f  —  <r0  for  a  series  of  dates  60  days  apart,  was  so  nearly 
like  that  adopted  for  the  Pond  series  — fully  explained  in 
no.  315  —  that  I  need  here  only  give  the  resulting  table, 
which  is  exactlj  in  the  form  of  thai  on  p.  18.  The  hori- 
zontal rules  indicate  the  points  where  it  will  be  necessun  to 
divide  the  equations,  in  the  solutions  to  be  given,  in  order 
to  eliminate  the  effect  of  any  possible  constant  differences 
caused  by  the  changes  in  the  modes  of  observation  de- 
bed  in  the  beginning  of  this  article. 


t 

Calendar 

Julian 

Number 
Obs.  Stars 

<f — 
Obs.' 

Comp. 

t 

Calendar 

Julian 

Number 

Obs.   Mars 

f— 
Obs. 

<  'onrp. 

1836  Jan.  6  = 

2391650 

35 

12 

+  0.10 

—  0.01 

1843  July  28  = 

2394410 

52 

17 

+  0.1  S 

+0.13 

Mar.  6 

1710 

63 

10 

+  .17 

-  .05 

Sept.  20 

1170 

116 

21 

+  .23 

+  .13 

May  5 

1770 

82 

S 

+  .18 

+  .03 

Nov.  25 

1530 

5  1 

17 

+  .10 

.00 

July  4 

L830 

66 

11 

+  .07 

+  .15 

1844  Jan.  24 

1590 

60 

13 

-  .30 

-  .14 

Sept.  2 

1890 

02 

0 

+  .13 

+  .20 

Mar.  2  1 

4050 

90 

24 

-  .17 

-  .16 

Nov.  1 

1950 

50 

10 

+  .03 

+  .11 

Maj  23 

4710 

72 

23 

+  .24 

—  .02 

Dec.  31 

2010 

31 

11 

-  .42 

—  .03 

July  22 

1770 

41 

19 

.00 

+  .14 

1S.",7  Mar.  1 

2(>7(> 

L'l 

13 

-  .23 

-  .10 

Sep't.  20 

4830 

82 

23 

+  .01 

+  .18 

Apr.  30 

2130 

41 

12 

-  .09 

—  .02 

Nov.  19 

4S0O 

41 

20 

-  .01 

+  .06 

June 29 

2190 

12 

14 

+  .04 

+  .15 

1845  dan.  18 

I05O 

43 

10 

-  .13 

-  .12 

Aug.  28 

2250 

61 

15 

+  .22 

+  .24 

Mar.  10 

5010 

54 

i:; 

+  .01 

-  .20 

Oct.  27 

2310 

S3 

17 

+  .10 

+  .17 

May  18 

5(170 

40 

15 

+  .03 

-  .09 

Dec.  26 

2370 

11 

10 

+  .26 

.00 

July  17 

5130 

30 

13 

-  .01 

+  .09 

1838  Feb.  24 

2430 

24 

15 

-  .08 

-  .13 

Sept.  15 

5190 

70 

26 

+  .63 

+  .20 

Apr.  25 

2490 

47 

13 

+  .03 

-  .08 

Nov.  14 

5250 

69 

20 

+  ,12 

+  .12 

June  24 

2551 1 

12 

12 

+  .09 

+  .08 

1846  dan.  13 

5310 

23 

11 

+  .29 

-  .06 

Aug.  23 

2010 

51 

10 

+  .10 

+  .24 

Mar.  14 

5:  ;7o 

26 

14 

+  .14 

-  .18 

Oct.  22 

2670 

67 

21 

+  .27 

+  .23 

May  13 

5430 

62 

16 

-  .18 

-  .13 

Dec.  21 

2730 

50 

16 

+  .10 

+  .06 

July  12 

5400 

66 

10 

+  .17 

+  .02 

1839  Feb.  19 
Apr.  20 
June  19 
Aug.  18 
Oct.  17 
Dec.  16 

1840  Feb.  14 
Apr.  14 
June  13 
Aug.  12 
Oct.  11 

27110 
2X50 
2010 
2070 

3030 
3090 
3150 
3210 
3270 
3330 
3390 
3450 

41 

10 
02 
64 
74 

05 

oi ; 

01' 
57 
62 

si 
05 

16 

11 
16 
16 
21 
24 
20 
17 
20 
18 
20 
20 

-  .11 
+  .02 

-  .20 
+  .09 
+  .06 

-  .08 

-  .24 

-  .40 

-  .17 
+  .13 

-  .14 
.00 

-  .16 

-  .17 

-  .03 
+  .13 
+  .17 
+  .06 

-  .10 

-  .15 

-  .06 
+  .07 
+  .12 
+  .06 

Sept.  10 

Nov.  9 
1847  Jan.  8 
Mar.  9 
May  8 
July  7 

Sept.   5 

Nov.  4 
L848  Jan.  3 

Mar.  3 
May  2 

5551 1 
5010 
5070 
5730 
570O 
5850 
5910 
5970 
6030 
6090 
0150 

77 
51 

5  1 
65 

10 
38 

6 
19 

38 
68 

19 

17 
16 
19 
13 
14 

4 
9 

12 

12 

+  .07 
+  .57 
+  .36 
+  .03 
+  .10 
+  .17 

+  .55 
+  .33 

-  .11 
.00 

+  .15 

+  .14 

.00 

-  .12 

-  .12 

-  .01 
+  .09 
+  .10 

+  .01 

-  .08 

-  .07 

Dec.  10 

July  1 

0210 

46 

13 

+  .21 

-  .20 

1841  Feb.  8 

3510 

29 

10 

-  .21 

-  .05 

Aug.  30 

0270 

53 

15 

09 

-  .14 

Apr.  9 

3570 

50 

17 

-  .12 

-  .10 

Oct.  29 

6330 

49 

8 

-  13 

-  .16 

June  8 

3630 

10 

22 

.00 

-  .01 

Dec.  28 

6390 

31 

12 

-  .60 

-  .24 

Aug.  7 

.",000 

11 

15 

+  .04 

+  .05 

1849  Feb.  26 

6450 

36 

9 

-  .59 

-  .30 

Oct.  6 

3750 

49 

10 

+  .28 

+  .08 

Apr.  27 

0510 

26 

5 

-  .36 

-  .25 

Dec.   5 

3810 

11 

Id 

+  .22 

+  .02 

June  26 

0570 

9 

4 

-  .03 

-  .15 

1S42  Feb.  3 

3870 

37 

13 

-  .23 

-  .00 

Aug.  25 

6630 

- 

- 

- 

-  .10 

Apr.  4 

3930 

:;7 

13 

-  .10 

-  .07 

Oct.  2  1 

00'.  10 

•  > 

2 

+  .06 

-  .16 

June  3 

3990 

61 

20 

-  .31 

+  .01 

Dec.  23 

0750 

- 

- 

- 

-  .28 

Aug.  2 

4050 

83 

18 

-  .18 

+  .08 

1S50  Feb.  21 

6810 

- 

— 

- 

-  .35 

Oct.  1 

1110 

~>~> 

18 

.00 

+  .08 

Apr.  22 

6870 

- 

- 

- 

-  .28 

Nov.  :;n 

1170 

58 

18 

—  .23 

-  .01 

June  21 

6930 

35 

11 

-  .20 

-  .14 

1843  Jan.  29 

1230 

30 

12 

-  .16 

-  .11 

Aug.  20 

6990 

49 

12 

+  .07 

-  .05 

Mar.  29 

I20O 

36 

15 

—  .02 

-  .10 

Oct.  19 

7050 

15 

8 

-  .12 

-  .11 

May  29  = 

239  1350 

34 

18 

-0.14 

+  0.02 

Dec.  18  = 

2507110 

7 

4 

-O.I2 

-0.27 

(ill 
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To  find  the  constants  of  the  latitude-variation,  we  fi 

where 

</  — 

1,   /.  =  sin©.   c  =  cos©,   (2  =  sin/,   e  =  coay; 

equations  of  condition  according  to  the  formula  on  p.  L9 

and  the  lim 

its  lit'  the  respective  groups  are 

(.4..7.315),  computing  the  coefficients  with     T'v  =  2393773, 

0  =  O°.84;    giving  weights  equal  to  one-tenth  the  numbers 

I 

L836.0     L839.0;     2391650-2392730 

of  observations;  and  putting  for  n  the  observed  values  of 

11 

L839.1  -  L843.4  ;     2392790     2394350 

e  —  <.-(i  in  the  fifth  column  of  the  table.     For  compactness 

III 

L843.5     L848.4;     2394410-2396150 

the  normal  equations  are  stated  in   tabular  form   below; 

IV 

1848.5-1851.0;     2396210-2397110 

N.ii;m  m    Eqi  ltions  in  Tabuxab   Form. 


[pa*] 

[pah] 

[pac] 

[pad] 

[pae] 

[pan] 

[pbc] 

[pbd] 

[p&e] 

[pbn] 

I 

+     96 

+  2.46 

-11.81 

+12.10 

—22.33 

+  9.02 

+  4  7. mi 

+   5.71 

+  21).  11 

-   2.14 

+  0.80 

II 

+    1  17 

+  3  82 

-  2.94 

-  2.82 

+  3.66 

-14.5  1 

+73.35 

+   1.17 

-31.95 

—  0.90 

-    2.11 

III 

+   156 

+   S.77 

-  6.47 

+  0.59 

—15.05 

+  17.5S 

+68.09 

+   4.13 

+    S.22 

+22.68 

-    1.51 

IV 

+     36 

+   5.19 

-  9.99 

-  3.77 

-  1.88 

-  6.32 

+  1S.51 

-  2.53 

-  4.2.-, 

-13.13 

+    .",.22 

[pec] 

[ped] 

,"•' 

[pen] 

[pddQ 

[pee] 

[pen] 

[pnn] 

I 

+48.20 

+13.45 

+33.50 

-    4JI7 

+  45.73 

+  2.40 

+  3.09 

+  5(1.27 

-  6.88 

+2.66 

II 

+73.65 

-  3.8 1 

-36.55 

-   9.84 

+74.29 

+  3.01 

+  2.46 

+  72.71 

+  8.05 

+  5.54 

III 

+87.91 

-20.46 

+23.65 

-14.77 

+69.41 

+  2.25 

+  8.95 

+86.59 

-10.61 

+9.27 

IV 

+  17.411 

+12:53 

-   1.85 

-   1.87 

+  18.54 

-  1.92 

-  3.80 

+  17.46 

-  2.38 

+  3.60 

Eliminating  ,<,,  from  each  of  the  four  groups,  and  adding  the  elimination-equations  |I  +  II  and  III+IV)  the  solution 
gives  the  other  unknowns  and  their  probable  errors, 


L836.0  1843.4 

1843.5-  L851.0 

1/ 

+0.0437  ±0.0203 

+0.0333  ±  0.0303 

•- 

+   .0223+    .0203 

-  .0861  ±    .0286 

/, 

-  .0038  ±    .0200 

+  .0342  ±    .0307 

e 

-0.1115  ±0.(i2ol 

—0.1534  +  0.0285 

whence  by  (30)  and  (25)  we  have  for  ?- 
1836.0-1843.4 

1843.5-1851.0 


_0.049  cos (t-2 393 633.7) 0.84  -0.112  cos(O-362.0) 

±0.02()  ±28.1  ±o.(i2(i  ±10.3 

-0*092  cos (if-2393747.8)0.84  -((.157  ros(0-347.4) 

±0.024  ±16.8  ±o.o2i)  ±10.8 


Po  =  —  0.060  cos  (t— 239371 


2 

±30 


The  solution  for  the  whole  series  gives, 
y  =  +O".0401    ±  0".0199,       z  =    -0".0376   ±  0".0193, 

1 5(  1 1  whence, 

±0.019 

which  is  adopted  as  the  definitive  expression  of  the  latitude- 
variation  from  the  Mural  Circle  observations  from  1836  to 
1851. 

If  we  substitute  these  last  values  of  //,  z,  >,,  T.  in  the 
normal  equations  in  xv  for  groups  I,  11  + III,  and  IV.  we 
find 

1836.0-1839.0,         a-0  =  +d!062 
1839.1-1848.4,  +0.004 

1848.5-1851.0,  -0.213 

the  addition  of  which  to  the  values  computed  from  eq.  (50) 
gives  the  computed  values  in  the  last  column  of  the  fore- 
going table. 

If  we  compare  the  epoch  Tx  in  eq.  (50)  with  that  of 
eq.  (49)  in  A.J.  315,  we  have  the  value  of  the  period 
422d.7  ±ld.9.     The  mean  value  which  satisfies  the  obser- 

Ciuiihrhlfje,  1894  June  3.   • 


=  +0".0113   ±  0".0199, 


-0".1380   ±  0".0192 


5)0.84 
.4 


—0.138  cos(0- 

±0.019 


±7.8 


vations  over  an  interval  of  nearly  one  hundred  and  seventy 
years  is  428d.6  ±0d.2.  The  difference  of  these  values  is 
about  three  times  its  probable  error.  Taken  by  itself  this 
fact  would  perhaps  not  be  sufficient  to  demonstrate  an  actual 
departure  from  the  mean  value  of  the  period.  But  it  ap- 
pears to  be  corroborated  by  the  Pulkowa  observations, 
1840-44.  There  is  similar  reason  for  presumption  that  the 
amplitude  of  this  term  of  the  variation  suffered  material 
diminution  near  1840. 

Corresponding  variations  are  perceptible  in  the  constants 
of  the  annual  term.  I  think  these  variations  are  real,  and 
that  the  observations  are  sufficient  to  give  an  indication  of 
the  law  which  governs  them.  I  cannot  follow  the  subject 
further  here  ;  its  systematic  examination  has  been  under- 
taken, and  the  results  will  soon  be  printed. 
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OBSERVATIONS   OF   VARIABLE    STARS. 

V,\   S.   D.  TOWNLEY. 
[Communicated  l>y  the  Director  of  the  Detroit  observatory.] 


The  following  observations  of  variable  stats  were  made 
with  the  r_M(-ineli  equatorial  telescope  of  the  Detroit  Ob- 
servatory of  the  University  of  Michigan.  <Mi  account  of 
electric  lights  in  the  neighborhood  of  the  Observatory  it  is 
not  possible  to  observe  as  taint  stars  as  one  would  expect 
with  a  telescope  of  this  size.  Both  the  method  by  steps, 
and  that  by  proportions  of  interval,  have  been  used. 

For  the  comparison-stars  I  have  adopted  the  magnitudes 
determined  by  me  at  the  Washburn  Observatory,  and  an 
explanation  of  the  notation  employed,  and  the  magnitudes 


of  the  comparison-stars,  maj  befound  in  the  Publications 
of  the  Washburn  Observatory,  Vol.  VI,  Pari  •'!. 

From  the  curves  of  the  plotted  observations  the  follow- 
ing phases  have  been  determined, 

The  first  three  figures,  241,  of  the  Julian  date  are  omit- 
ted. The  column  0— C  is  derived  from  comparison  of 
the  observed  phase  with  the  elements  as  given  in  <ii\\i>- 
i  ik's  Second  Catalogue  of  Variable  Stars  (Astr.  Jour., 
no.  300). 


Results  oi 

(  >r.si:i;\  iTIONS. 

Date 

/•; 

O— C 

Remarks 

Xo. 

Star 

Phase 

Mag. 

Julian 

<  Calendar 

1222 

/,'  Persei 

.Max. 

8.0 

2801 

1893  Dec.    3 

56 

-  3 

1577 

11  Tauri 

Mill. 

12.4 

2799 

1893  Dec.    1 

35 

-23 

A  theoretical  light-curve  would  place  min.  5  or  10  d.  later 

L582 

S  Tauri 

Max. 

9.3 

2839 

ism  Jan.  10 

33 

-   8 

Yendell  observed  this  maximum.     See  A..I.  no.  :!1.*> 

1717 

V  Tauri 

Max. 

8.0 

2873 

1894  Feb.  13 

46 

-16 

"              "           "            "               "       " 

1701 

R  Ononis 

Min. 

11.2 

2883 

189-1  Feb.  23 

37 

-   9 

Uncertain,  on  account  of  the  small  number  of  obsns. 

1 

^DIVIDUAL    C 

BSJ  i:\   \Tlo\s. 

Date 

<  observation 

Resulting 
Mag. 

Date 

Observation 

Result  ing 

Mag.  " 

2 13.     V  <  'assiopeae. 

L577.      R  Tauri.  -  Cont. 

1892  Aug. 

3 

(v),  (1),  k  faint 

<13.3  (/) 

1894  Jan. 

12.2 

cl  3  f.  e  7  \ 

11.3 

1893  Dec. 

20.4 

v  and  f  vis.  bj  glimpses 

11.3 :(«) 

24.3 

d  2  e  3  \ 

11.0  (e) 

1894  Jan. 

12.4 

(v),  f  and  g  plain 

<12.2 

Feb. 

1.3 

,1  e  2  v 

10.9 

Feb. 

22.3 

( v  i,  f  and  g  plain 

<12.2 

22.3 

\  3  e  1  .1 

10.3(. 

28.3 

| \  i,  f  ami  g  plain 

<12.2 

28.4 

c  5  il 

10.2 

.Mar. 

8.3 

(  v  i,    f  and  g  plain 
1222.     R  Persei. 

<12.2  (6) 

Mar. 

S.4 
11.4 

C    .".    ll.     c    3    \ 
C     1     il.   C     1     V 

10.2  (6) 

Ki.l 

is;).-;  Nov. 

6.3 

e  2  v  2  f 

9.3 

1582.     S  Tauri. 

Dec. 

1894  Jan. 

Feb. 

L3.5 
25.2 

3  2 
20.2 
12.3 
24.3 

1.4 

b3  v  2  d 3  e  1  f 

a  7  v  :;  l> 
a  7  v  2  b 
a  8  v  2  b 
1  4  v  1  e  1  f 

f  4  v  1  g  2  h  2  k 

gkL'v 

S.7 

8.1(«)(e) 

8.2 

8.2  (a) 
9.2 

9.9  (V) 
10.5 

L893  Nov. 

Dec. 
1894  Jan. 

6.4 

7.1 

13.4 

3.4 

20.3 

12.3 

{  v  i.  li  very  faint 

(V) 

b  5  6  v 

e  2  1  4  v  7.  h 
b  'I  c  3  v  4  cl 

a  S  v  1  b  1  C 

<13 
<13 
L3.5 
12.4(5)  (d) 

9.8  (a) 

9.3 

22.3 

k  7  1 

11.3 

24.3 

v  b  c 

9.4 

Mar. 
Apr. 

L'S.  1 

S.I 

11.4 

29.3 

8.3 

v  1 
1  2  v 
vl 
1-v 

1  3-4  v 

1577.     1!  Tauri. 

11.7 

11.9  ((/) 
11.7  (<£) 
12    (fi)(rf) 
12.0 

Feb. 
Mar. 

1.3 
22.3 
28.4 

S.4 
11.4 

b  1  c  v 

V  3  d,    e  7  (I 

v  3  (1.  c  7  d,  b  8  <1 

d  1  v 

d  2  v,  d  2  e 

1717.      /"  Tauri. 

9.5 

9.9 

10.0 

10.3 

10.4 

1893  Nov. 

5.4 

e  10  v  10  f 

11.7 

L893  Nov. 

7.5 

v  2  e  5  f 

11.0 

6.4 

e  Ki  v  10  f 

11.7 

L3.5 

e  1  v  5  i 

11.2 

13.4 

e7  f 

12.1 

Dec. 

3.4 

b8  v  1  e 

10.6, 

Dec. 

3.4 

e  8  f,  v  3  f 

12.3  (b) 

20.4 

v  3  e.  b  8  e 

10.6 

62 
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Date 

Observation 

Resulting 
Mag. 

Date 

Observation 

Resulting 

Ma- 

1717.      /'  Town.  —('out. 

] 

761 .     B  Ononis.  —  <  lont. 

1894  Jan. 

12.3 

a  1  v  2  1)  (1  1  c 

9.0 

1894  Feb. 

22.3 

c  8  cl,  v  3  d 

L1.2 

24.3 

v  2  a 

8.4 

28. 1 

c  9  d.  v  2  d 

11.3 

Feb. 

L.3 

22.3 

\   1  a  5  b 

\   1  a 

8.2 
8.5  (•) 

Mar. 

111 

e  7  d,  v  3  4  d 

11.1 

28. 1 

\  3  a  7  c 

8.3 

70  15.     R  Cygni. 

.Mar. 
Apr. 

8.4 

11.4 
29. 1 

8  1 

<  a  •>  '1 

a  1  v  .".  il 

il  7>  v.  il  I  e,  li  5  e 

e  2  v,  e  1  f 

8.6 

ss 

9.9 

11.1 

1893  Nov. 
Dec. 

5.4 
13.4 
25.2 
20.3 

e  d  2  v  3  e 
d  2  v  2  e 
c  3  v  3  d 
(v),  e  verj  faint 

11.1 

11.1 
ll.ii 
<11.3  (a) 

1 761.     B  Ononis. 

L894  Jan. 

li'.:; 

.   e  taint 

<11.3 

ism  Jan. 

11'.  1 

c  3  d.  c  2-3  v 

10.6 

Feb. 

1.3 

(v),  t  vis.  by  glimpses 

<13.0 

Feb. 

1.4 

c  7  d,  v  3  d 

11.1 

(a)  nearly  full  moon  ;  ('j)  hazy,  or  clouds:    (c)  seeing  poor  ;   (d)  uncertain  ;   (e)  difficult  on  account  of  contrast  of  color  :    (/)  with 
12-inch  equatorial  of  Lick  Observatory  :  [g)  insufficient  number  of  observations. 

Ann  Arbor,  Michigan,  1894  May  21. 


MAXIMA    AND   MINIMA   OF   LONG-PERIOD  VARIABLES, 

By  J.  A.  PARKHUBST. 


906.      B  Trianguli. 
Twenty  nine  observations  were  made,  from   1893  Oct.  9 

to  1894  Mar.  31.  The  light-curve  was  rather  flat  near  the 
minimum,  but  that  phase  was  fairly  well  indicated  for 
1894  dan.  26,  at  11 M. 7.  The  rise  was  more  rapid  than  the 
decline. 

17,74.      W  Tauri. 

My  watch  on  this  star  began  1893  Nov.  20,  when  it  was 

about   the    10s*.     Front  that    time   the  rise  was   slow,  and 

somewhat  irregular.    The  maximum,  .s':.7>.  was  passed  about 

lS'.i-l  Feb.  16.     It  then  fell    more   rapidly,  and  when  last 

.  April  21,  it  was  11*.      I  have  nineteen  observations. 

198] .     8  <  'amelopardalis. 

This  star  passed  a  minimum  1893  Oct.  28,  at  10". 3.  The 
rise  was  then  gradual  to  the  maximum  mentioned  by  Mr. 
Yenhki.l  in  February.  Since  that  time  it  has  fluctuated 
between  8M.0  and  8U.7.  I  have  thirty-three  observations 
since  1893  Aug.  1  :  but  more  are  needed  to  determine  the 
character  of  the  maximum  phase. 

2100.      V  Ononis. 
I  have  twenty-three  observations  of  this  star,  from  1893 
Dec.  28  to  1894  May  (>.     During  that  time  it  rose  rapidly 
from  10M.5  to  a  maximum  of  about  6".5,  1894  Feb.  22,  then 
fell  more  slowly  to  9*  at  bhe  last  observation. 

2815.       U  (leminoftnii. 
This  star  passed  a  short  maximum  in  March  1894.     On 
the  16th  it  was  looked  for  without  success  by  Mr.  W.  Bear- 
ded of  Trinidad.  Colo., though  he  saw  the  comparison-star  / 


(Baxendell,   13M.7).      I    have   the    following   observations, 

magnitudes  on  Baxe.vdkll's  scale: 


Gr.  M.T. 

M 

1  Mar.  17.7. 

9.7 

21.5 

10.5 

23.5 

12.0 

26.5 

13.6 

A  maximum  is  thus  indicated  near  Mar.  18.5. 

51  57.      -s'  Bootis. 

Twenty-eight  observations,  from  1893  Oct.  7  to  1894  May 
6,  give  a  well-marked  minimum,  12". 4,  1S'.I4  Jan.  19. 

51  90.     B  ( 'amelopardalis. 

A  continuous  watch  has  been  kept  on  this  star  for  a  year. 
Twenty-five  observations  since  the  last  minimum  yield  a 
maximum  of  7M.7.  1894  Jan.  13. 

5338.      U  Bootis. 

Since  the  minimum.  1893  Dec.  12.  reported  in  no.  313, 
this  star  rose  rapidly  till  the  middle  of  January,  then  more 
slowly,  passing  a  maximum  about  10".  1894  Mar.  21.  Since 
then  the  decline  lias  been  slow,  reaching  11"  at  the  last 
observation.  May  6.  I  observed  the  star  twenty-six  times 
between  the  dates  mentioned. 

567.3.      I"  Coronae. 
A  minimum,  12",  is  indicated  on  1894  Jan.  11  by  thirty- 
four  observations  between  1893  Sept.  12  and  1894  Maj  6. 
The  curve  is  quite  flat  at   this   phase,  and  the  minimum 

may  have  occurred  ten  days  earlier. 
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7779.  S  Cephei. 
I  have  observed  this  .star  twenty-eight  times,  from  ls'.i.'i 
Sept.  26  to  1894  May  7.  A  minimum  of  12M.3  is  indicated 
for  1893  Dec.  24,  with  an  uncertainty  of  perhaps  twenty 
days,  on  account  of  the  flatness  of  the.  curve  and  the  red- 
ness of  the  star. 

DM.  58°2560  (Gassiopeae).* 

a  =  23"  .J"'  27s         c!  =  +58°  53'.8     (1855). 

I  have  twenty-one  observations  of  this  new  Anderson 

variable,  from  I 894  Jan.  18  to  May  7.     When  first  seen  it 

was  >10M.     It  fell  steadily,  passing  a  minimum  about  11'". 

►8324  VCassiopeae.    Disc,  by  Ajtoebson  :  conf.  by  Habtwig. 

Marengo,  TIL,  1894  May  9. 


1894  Mar.  21,  then  rose  more  rapidly  till  when  lasl  ob- 
served it  was  again  10".  At  minimum  it  was  near  the 
limit  of  vision  of  my  6.2-inch  reflector,  at  a  low  altitude. 
The  light  curve  is  regular. 

8600.     I\  Cassiopi  as. 
Thirty-two  observations,  from  1893  Jul\  .'!  to  189-1  April 

5,  yield  a  minimum  12",  1894  Jan.  28.    The  star  was] ii\ 

placed  for  an  accurate  determination  of  the  minimum. 


Except  where  otherwise  stated,  the  magnitudes  are  on 
the  historic  scale. 


PRELIMINARY   NOTE   ON   THE   KE-APPEARANCE   OF   COMET   1S89  V, 

By  CHARLES    LANE    POOL'. 


Making  Bai  schinger's  (dements,  as  given  in  my  article 
in  Astronomical  Journal,  no.  302,  the  basis  of  the  work,  I 

carried  the  elements  forward  to  the  time  of  perihelion  pas- 
sage in  1896.  During  the  entire  interval,  between  1 889  and 
1897,  the  perturbations  of  Jupiter,  SaturnxaA  the  Earth, 
were  taken  into  account ;  those  due  to  Mars  were  considered 
for  a  short  period  only.  The  intervals  of  computation  were 
twenty  days  iluring  1889  and  1890,  forty  days  during  1891- 
1894  inclusive,  and  again  twenty  days  during  1895  and 
lS'.n;.  The  resulting  elements  for  the  next  appearance  of 
this  comet  are  as  follows  : 

Epoch  1896  October  22.5  Greenw.  M.T. 

n  =       1°  48  42.42  " 


1896.0 


ft  =    18     1     7.70 
i  =      (i     3  33.66 

w  =  34:'»  47  34.72 
logrt  =  0  5673406 
log  e  =  9.6715748 
logM  =  2.6989957 

T  =  1896  November  3.9382  Gr.  M.T. 

Tin. met  should  be  seen  in  the  middle  of  May,  1895, 


when  its  theoretical  brightness  will  be  0.06,  thai  at  the 
time  of  discovery  being  taken  as  unity.  That  is,  during 
next  May  and  June,  the  comet  will  be  a  trifle  fainter  than 
when  last  seen  at  the  Lick  Observatory  in  January,  1891. 
Only  the  largest  glasses  will  be  available,  but  it  is  most 
important  that  observations  should  be  secured  if  possible. 
If  the  comet  be  not  found  next,  spring,  then  it  cannot  be 
seen  until  in  February  or  March  of  1896. 

I  have  lately  revised  and  extended  the  tallies  of  the 
approach  to  Jupiter  in  1886,  which  appeared  in  Astro- 
nomical Journal,  no.  303,  and  hope  that  observations  next 
spring  will  finally  set  at  rest  the  question  as  to  the  identity 
of  this  comet  with  that  of  Lexell.  Whatever  be  the  con- 
clusions then  reached,  I  expect  to  make  finally  a  definitive 
discussion  of  the  two  appearances  of  this  remarkable  body, 
and  to  determine  as  accurately  as  possible  all  the  circum- 
stances of  the  appulse  to  Jupiter. 

I  have  had  computed  a  complete  ephemeris  of  the  cornel 
for  the  possible  times  of  visibility  in  the  years  1895  and 
1896,  and  will  send  a  copy  to  any  one  who  may  be  inter- 
ested in  the  matter. 


OBSERVATIONS   OF   COMET  b  1891  (gale)  AND   OF  ASTEROID  (103)  IIJEIiA, 


M  M.I,    AT    T1IF.    DUDLEY    OBSERVATORY,    ALBANY,    X.Y.. 

Bi    LEWIS  BOSS. 


1894  Albany  M.T. 

* 

No. 
<  !omp. 

h       m        s 

May  27     9  10  57 
29     9  38  13 

May  29  14  12  32 

4 

5 

1 

is  .  9 
1 5  ,  5 

10  ,4 

Ja. 


IS 


tV^'s  apparent 

8 

log 

for  a 

PA 

for  ,5 

,E). 

ll          111           B 

10  48  24.79 

10  5-t  57.se, 

+36°  48 

+37  48 

31 J 

1.2 

9.554 
9.61  l 

0.265 
0.31  l 

Comex  b  1894  (Gale). 

in         s  i  " 

-0  33.83  :     +5  16.2 
+  :;  53.32       +::  27.6 

Asteroid  (103 1 Hera. 

+0  20.88  I    -2  20.7    |   18  52  51.95  |   -16  49  17.2  1   //S.260  ;  0.880 


0  1 
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Mean   Places  for  1894.0  of  Comparison- Stars. 


* 

a 

Red.  i" 
app.  place                   ° 

Red.  to 
app.  place 

Authority 

1 
1 

5 

ll         11)         s 

18  52  28.63 
lo    is  56.93 
in  51     2.86 

+2.44 
+1.69 
+  1.68 

L6    L6  43.6 
+36   13   1  l  9 
+  37    II   27.7 

if 
-12.9 
+  5.5 
+  5.9 

W.Argel.  1  IS'.H  ;   Munich  L8150 
Lund  AG.  Zones,  L68,  L92 
Lund  At;.  Zones,  17  1.  1 70 

OBSERVATIONS  OF  COMET  b  L894, 

MADE     \l     mi     U.S.    \sv\l     OBSEBVATORY,    WITH  THE  9.6-INCH    EQUATORIAL, 

By  Pbop.  E.  FRISBT  and  Assisi  \m    &3tronomeb  G.  a.  HILL. 
(Communicated  bj   the  Superintendent.) 


1894  Washington 

M.T. 

* 

No. 
Comp. 

& 

-* 

#"s  apparent 
a 

s 

logpA 

for  a       I     ford 

Obs. 

April  29 

ii 
8 

ii 

20 

s 

-.1.1 

i 

15,3 

111          s 

+3     I  54 

t        11 

-  6  30.8 

b 

111         S 

30  29.13 

o 

22 

48 

11.6 

9.585 

0.832 

H. 

30 

8 

11 

16.7 

2 

20  .  4 

-1 

33.26 

—  0  59.0 

H. 

May     1 

8 

11 

54.0 

3 

-•ii  .  1 

-1 

6.98 

-   1    19.7 

7 

56     4.52 

-14 

37 

19.0 

9.51s 

0.820 

F. 

3 

8 

9 

50.8 

4 

20  ,  1 

+  1 

2.64 

+    I  25.2 

8 

111  25.91 

-   C 

26 

20.2 

0.4  69 

0.784 

F. 

4 

9 

3 

20.8 

5 

15  .  3 

+  1 

20.07 

-  ii    111 

8 

30  38.02 

_   o 

24 

6.4 

9.436 

o.TOO 

H. 

9 

28 

16.9 

6 

20  .  4 

+  0 

37.09 

+   1   34.6 

8 

30  48.60 

_  2 

is 

43.2 

9.589 

0.754 

F. 

7 

9 

20 

50.9 

7 

20  .  4 

-3 

38,99 

+10  29.1 

8 

59  44.82 

+  8 

7 

0.9 

9.55s 

o.os: 

F. 

9 

8 

25 

18.5 

8 

20  ,  4 

+  0 

35.59 

+  11   37.5 

9 

16     7.S4 

+13 

45 

28.3 

9.561 

0.637 

F. 

12 

10 

ii 

39.4 

9 

20  ,  4 

+  0 

53.32 

+  6   L0.6 

9 

38  20.90 

+  20 

1(1 

53.1 

9.612 

0.583 

H. 

in 

2 

25.7 

9 

20  ,  4 

+  0 

53.64 

+  6  17.<) 

9 

38  21.22 

+  20 

46 

59.5 

9.612 

0.581 

F. 

13 

9 

." 

54.0 

10 

20  ,  4 

+  i 

10.51 

+  3     5.6 

9 

4  1  33.81 

+  22 

35 

21.4 

9.520 

0.494 

H. 

20 

10 

16 

0.0 

11 

5,1 

-4 

18.26 

-   6  13.2 

10 

21  45.01 

+  31 

50 

59.2 

9.100 

0.853 

H. 

27 

in 

30 

17.8 

12 

23,  5 

-0 

20.56 

+   7  15.7 

10 

48  38.05 

+36 

50 

30.7 

0.701 

0.384 

F. 

28 

11 

in 

1.0 

13 

20  ,  4 

+3 

2.71 

+   1     1.6 

10 

51  52.64 

+  37 

20 

34.9 

9.703 

0.318 

F. 

Mean  Places  for  1894.0  of  Comparison- Stars. 

1 

Red.  to 

3 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

O                1              ft 

n 

1 

7  27  27.54 

+  0.05 

-22  41   34.8 

-6.0 

Weisse-Argel.  5669 

2 

P.M.  18°2040 

3 

7  57  11.21 

+0.29 

-14  35  24.1 

-5.2 

Weisse-Bessel  VII,  1636 

4 

8  18  22.81 

+  0.46 

-   6  30  47.0 

-3.5 

}( Weisse-Bessel  +3  Munich) 

5 

8  29  17.39 

+  0.50) 

-   2  23  10.4 

-2.6 

Weisse-Bessel  704 

6 

8  30  10.94 

+  0.57 

-   2  20  15.2 

-2.6 

',( Weisse-Bessel  +2  Schjell.) 

7 

9     3  22.00 

+  0.85 

+   7  56  32.3 

-0.5 

^(Weisse-Bessel  +2  Paris  +2  Gi 

ant) 

8 

9  15  31.27 

+  0.98 

+  13  33  49.8 

+  1.0 

^(Weisse-Bessel  +2  Grant) 

9 

9   37   20.40 

+  1.18 

+  20  40  39.8 

+  2.7 

"■(Weisse-Bessel  +3  Grant  +4  Y 

ivii.  > 

10 

9  42  52.08 

+  1.22 

+  22  32  12.6 

+  3.2 

Weisse-Bessel  (2)  857,  8 

11 

1ii  26  31.73 

+  1.54 

+31  57     8.1 

+  4.3 

Leyden  A.G.Z.  172,  175 

12 

10    IS   50.02 

+  1.69 

+36  43     9.4 

+  5.6 

Lund  A.G.Z.  188,  192 

13 

10  48  48.25 

+  1.68 

+  37  19  27.5 

+  5.8 

Lund  A.G.Z.  1,  163,  174,  176 

CORRIGENDUM. 

Xo.  317,  p.  3S,  Observation  of  Comet  a,  May  2,  Albany  M.T.,    for     11"  14'"  44s     put 


10''  54'"  41\ 
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OBSERVATIONS  OF   SUSPECTED  VARIABLES, 

Bl    PAUL    S.   VKNDKLL. 


(5)     —  Ceti. 
This  star  has  been  announced  from  the  Tacubaya  Obser- 
vatory as  probably  variable.      I   have  only  three  observa- 
tions, which  are  not  decisive,  though  their  regular  progres- 
sion is  very  suggestive  of  actual  decrease.    The  observations 

are  as   follows  : 


1893  Oct.    31, 

Nov.   10, 

30, 


S.5 
8.8 
9.1 


DM.  +1°  3417. 
R.A.   =  17"  12m   U-.7.  Decl.  =  +1°  40'.3.     (1855) 

I  have  rive  observations  of  this  star,  as  follows: 

M 


1894   Apr.  29, 

May      7, 

9, 

12, 

•  >.. 


8.0 
7.6 
7.6 


Tlie  magnitudes  are  estimated  from  the  DM.  magnitudes 
of  the  stars  used  as  comparison-stars,  the  star  having  been 
>DM. +1°  ."421'.  7».8  and  < +V  3421,  7M.2,  on  four  of 
the  five  dates  on  which  it  was  observed. 

(691)     —  Persei. 
Since  the  observations  in  search  of  this  star,  published  in 
this  Journal,  Vol.  XIII.  p.  175,  I  have  looked  for  it  cm  the 

following  dates : 


1893  Nov. 

30, 

<12 

1894  Jan. 

8, 

<12 

Feb. 

5, 

<11 

11, 

<11 

During  the  twenty-seven  months,  from  1891  Nov.  30,  to 
L894  Felt.  11,  I  have  looked  in  vain  for  this  star,  twenty- 
eight  times;  have  examined  and  re-examined  the  original 
announcement,  my  chart,  and  the  position  given  for  the 
star;  and  am  forced  to  the  conclusion,  that  there  is  some 
error  in  the  announced  position,  or  that  some  erroneous 
identification  has  been  made  by  the  observers  who  consider 
that  they  have  seen  it. 


i  L279)     — Camelopardalis. 

Since  the  observations  published  in  this  Journal,  Vol. 
XIII,  p,  17">.  I  have  observed  this  star  seven  times;  the 
result  of  these  observations  has  been  to  raise  a  doubt  of 
the  star's  constancy,  which  I  had  considered  to  be  fully 
proved  by  my  observations,  up  to  the  date  of  the  paper 
referred  to. 

The  estimates  of  magnitude  given  up  to  this  time  have 
been  made  by  simple  comparison  of  the  step-differences 
with  the  Bonn  magnitudes  of  the  comparison-stars.  Since 
obtaining  the  more  recent  observations,  however,  1  have  re- 
estimated  them  from  a  careful  graphic  comparison  of  these 
magnitudes  with  the  light-scale  ;  the  resulting  magnitudes 
are  as  follows : 


1891  Dec.    3, 

8.43 

1893 

Sept.  16, 

8.60 

5, 

8.50 

Oct.     9, 

8.40 

28, 

8.60 

14. 

8.30 

1892  Jan.  16. 

8.60 

18, 

8.30 

Mar.    5, 

8.20 

Nov.     I , 

8.40 

29, 

7.60 

8, 

8.30 

Apr.  19, 

7.60 

1894 

Jan.     8, 

8.50 

Oct.  19, 

8.50 

28, 

8.40 

22 

8.40 

Feb.    2, 

8.40 

Oct.    !".». 

8.40 

Mar.     6, 

8.50 

Dec.  16, 

8.50 

24, 

cS.7») 

1893  Apr.    4, 

s  30 

Apr.     5, 

9.20 

Sept  13, 

8.40 

25, 

8.90 

There  seems  to  be  much  disagreement  as  to  the  probable 
variability  of  this  star.  The  well-known  difficulty  of  ob- 
serving stars  so  extremely  red  as  this,  and  the  discrepan- 
cies between  the  simultaneous  observations  of  practised 
observers,  which  have  recently  come  to  my  notice  in  a  pre- 
cisely similar  ease,  lead  me  to  be  very  cautious  in  passing 
judgement  in  the  present  instance.  The  two  groups  of 
observations  in  the  spring  of  1892  and  3  894,  depart  only 
0M.S  from  the  general  mean  of  the  rest  of  the  observa- 
tions, which  is  less  than  the  differences  of  estimation  at 
several  simultaneous  dates,  in  the  instance  above  referred 
to;  and,  though  H.vrnwn.  (V.J.S.  Epliemeris,  for  1894, 
p.  L".»7i.  says  that  tic-  star  ••  is  in  fact  variable,  is  now  (Nov.. 

(66) 
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1893)  slowly  increasing  from  8*  since  Nov.,  1892,  and  will 
soon  pass  a  maximum  of  7V  a  glance  at  the  above  list 
of  estimates  will  show  that,  according  to  my  observations, 
the  star  had,  in  all  probability,  been  absolutely  constant 
during  the  entire  time  covered  by  the  remarks  above 
quoted. 

DM.  56°724 

R.A.  =  2"  39'"  58».3        Decl.  =  +56°  22\0.     (1865) 
This  star  has  been  announced  as  variable  by  Espin,  on 
the  evidence  of  photographs  made  with  the  Compton  tele- 
scope. 

I  ha vi'  twenty-eight  observations  of  it,  from  1893  Dec. 
28,  to  1894  May  3,  which  show  a  decrease  from  8M.9  to  9M.8 ; 
the  decrease  has  been  regular  and  steady,  and  1  have  no 
doubt  of  the  star's  variability. 

R.A.  =  2h  0'"  3G\  Decl.  =  +57°  50'.  (1855.0) 
The  variability  of  this  star  was  announced  by  Hartwio 
I  In/c.  Nachi:  3203).  My  observations  favor  the  star's 
variability,  but  in  consideration  of  the  rather  conflicting 
evidence  in  the  case,  they  are  not  certainly  decisive.  From 
1891  Jan.  10,  to  Apr.  25,  twenty-one  observations  indicate 
a  slow  and  fluctuating  decrease,  from  9M.3  to  about  10M. 

Mr.  J.  A.  Parkhurst,  in  a  private  letter,  informs  me 
that  the  star  appears  at  times  very  red.  It  is  too  faint  in 
my  telescope  for  any  color  to  be  distinguishable  ;  but,  in 
view  of  the  known  influence  of  redness  on  light-estimates, 
alluded  to  above,  in  the  case  of  (1279),  I  hesitate  to  pro- 
nounce upon  the  actuality  of  the  change  indicated. 

(5076)      -  Boot  is. 
I  have  observations  of  this  star,  very  accordant,  as  fol- 
lows: 

Dorchester,  1894  May  25. 


L893  Aug.  22, 

9.2 

1894 

Mar. 

26, 

0.0 

29, 

9.2 

Apr. 

-••• 

8.9 

Sept.   2, 

9.2 

May 

1, 

8.9 

1894  Mar   7, 

9.0 

8, 

0.1 1 

24, 

9.0 

-,•> 

9.0 

These  estimates  arc  from  the  DM.  magnitudes  of  the 
comparison-stars,  and  may  Vie  out  by  one  or  two-tenths  <>!'  a 
magnitude;  but  in  any  case,  afford  no  evidence  of  varia- 
tion during  the  time  the  star  has  been  watched. 

(7205)  —  Cygni. 
I  have  five  observations  during  the  autumn  of  1893, 
showing  an  apparent  change  from  8". 8  to  9". 2,  between 
Oct.  15  and  Dec.  2.  These  seem  to  favor  the  star's  varia- 
bility, but  are  not  decisive.  The  observations  are  as  fol- 
lows : 

1803  Oct.  15,  s'.s 

21,  S.S 

Nov.     1,  8.8 

26,  9.1 

Dec.     2,  0.2 

(7238)     —  Cygni. 
Espin  considers  this  star  to  be  variable.     Seven  observa- 
tions, from  1893  May  18   to   Sept.  16,  give  no  evidence  of 
actual  change ;  they  are  as  follows  : 

189.3  May  18,  lo! 
June    1,* 

10,  10.5 
July    4,  <10.5 

14,  10. 

23,  10.5 

Sept.  16,  10.5 


*  Not  seen  ;    limit  11M±  ;  identification  uncertain. 


OX  A  UNIFORM   SYSTEM  OF   CLOCK-STARS. 


By  A.  HALL. 


Whatever  may  be  the  orttcome  of  the  interesting  propo- 
sitions of  Dr.  Gill  in  the  Monthly  Notices,  April,  1894, 
for  the  advancement  of  astronomy  of  precision,  and  whether 
the  ends  proposed  shall  be  reached  by  a  congress  of  astron- 
omers, or  by  discussion  in  the  journals,  there  is  one  funda- 
mental step  that  it  would  seem  easy  to  take.  We  have 
now  four  great  astronomical  ephemerides,  the  Connwissanee 
des  Temps,  the  English  Nautical  Almanac,  the  Berliner 
Jahrbuch,  and  the  American  Ephemeris.  Each  of  these 
works  has  its  own  list  of  clock-stars,  and  the  positions  of 
the  planets  will  be  reduced  with  one  or  the  other  of  these 
lists.     Taking  at  random    the  positions  of  twenty  of  the 


bright  stars  from  these  lists,  we  find  differences  amounting  in 
some  cases  to  a  second  of  are,  and  freojuently  to  half  a 
second,  although  these  stars  have  been  observed  nearly  one 
hundred  and  fifty  years.  Such  differences  will  appear  of 
course  in  the  observed  positions  of  the  planets.  But  why 
cannot  the  Superintendents  of  these  ephemerides  consult 
together  and  agree  on  a  common  system  of  clock-stars  ? 
Even  if  such  a  system  be  not  the  best  possible,  it  would,  as 
was  pointed  out  by  Besskl  long  ago,  introduce  order  and 
harmony  into  the  observations,  and  render  them  more  easy 
of  reduction. 


1894  June  2. 
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ELEMENTS 


AM)    EPHEMEKIS  OF    (103)  HERA, 

By  LEWIS   BOSS. 


The  programme  lor  the  Dudley  Observatory  this  year 
includes  observations  of  a  small  number  oi  asteroids,  "I 
which  Hera  is  one.  Mr.  John  H.  Ogbttrn,  junior  assist- 
ant, has.  accordingly,  prepared  an  ephemeris  for  our  use. 
It  was  found  that  Mr.  Leveau's  elements  of  this  planet 
(B.  J.  for  1896),  without  taking  account  of  perturbations 
from  the  epoch  to  the  present  time,  would  well  represenl 
an  observation  made  here.  May  21).  if  the  value  of  J/  be 
corrected  by  —  44".3.  The  elements  thus  corrected  and 
for  equinox  189  1.0  are 

Epoch  1895  Jan.  10.0  Berlin  M.T. 

.1/  =      4°  55 

to  =  185  33     9.7 


2  =  136  13  26.7 
i  =  5  2  1  38.] 
cr  =      4  :;:;   i-.M 


1894.0 


/J.=  798".9097 
The  magnitude  at  opposition  is  9  8. 


Ephemebis  of  (103)  Hera   fob  Berlin  Midnight. 


1894 

\ 

pp.  a 

App.  S 

logr 

log  A 

h 

in   s 

May  26 

18 

53  1 

-16  48.9 

0.4082 

0.2201 

June  2 

18 

.-.1  2 

16  51.3 

.4077 

.21  I'M 

6 

18 

48  40 

16  55.0 

.107:; 

.2052 

10 

18 

15  57 

16  59.8 

.4069 

.1990 

14 

18 

12  56 

17  5.9 

.4064 

.1937 

IS 

18 

39  39 

17  13.0 

.4060 

.1895 

22 

18 

36  11 

17  21.2 

.4056 

.1864 

26 

18 

32  36 

17  30.2 

.4052 

.1844 

30 

18 

28  57 

17  40.1 

.4048 

.1837 

July  4 

18 

25  19 

17  50.6 

.4044 

.1841 

8 

18 

21  16 

18  1.7 

.4(140 

.1856 

12 

18 

18  23 

18  13.3 

.4036 

.1884 

16 

18 

15  15 

18  25.2 

.4033 

.1922 

20 

18 

12  24 

18  37.3 

.4029 

.1071 

24 

18 

9  53 

18  49.7 

.402:. 

.2028 

28 

18 

7  44 

19  2.2 

.4022 

.2094 

Aug.  1 

18 

6  1 

19  11.7 

.4018 

.2168 

5 

18 

4  44 

19  27.2 

.4015 

.2248 

9 

18 

3  55 

19  39.6 

.4012 

.2333 

13 

18 

3  34 

19  51.8 

.4009 

.242o 

17 

18 

3  41 

-20  -3.8 

0.4006 

o.L'.-,  17 

OX   THE   LIGHT-VARIATIONS   OF   7149  8  SAGITTAE, 

By  PAIL  S.  YEXDELL. 


The  variability  of  this  star  was  detected   by  Gore,  in 

1885,  and  announced  by  him  in  the  Monthly  Notices  of  the 
Royal  Astronomical  Society,  Vol.  46,  p.  106;  observations 
upon  it  were  at  once  taken  up  by  Chandler,  Sawyer, 
Reed,  and  its  discoverer,  and  in  1888  by  myself,  so  that 
the  star  has  been  pretty  constantly  under  observation  since 
its  variability  was  discovered. 

Chandler  (Astr.  Nachr.,  Vol.  115,  p.  2.17).  published,  in 

1886,  a  preliminary  discussion  of  the  data  then  available, 
and  gave  elements  and  a  provisional  sketch  for  a  mean 
light-curve:  he  was  followed  by  Reed  and  SAWYER  (Astr. 
Jour.,  VII.  pp.  85  and  182  I,  who  gave  corrections  to  the  first 
elements,  and  the  latter  a  provisional  light-curve;  the 
maxima  and  minima  deduced  from  my  own  observations 
have  also  been  published  in  this  Journal.  VIII,  p.  140.  and 
at  various  times  since. 

Mr.  Gore  has  also  published  his  observations  in  the 
Monthly  Notices  of  the  Royal  Astr.  Soc.  at  various  times. 

During  my  early  observations  of  the  star.  I  received  an 
impression  that  the"  maximum  phase  was  not  always  so 
sharply  marked  as  indicated  by  the  preliminary  curves 
published  by  Messrs.  Chandler  and  Sawyer;  its  light 
appeared  to  remain  nearly  stationary  at  maximum  for  some- 
times as  long  as  three  days ;  and  some  maxima  were  diffi- 


cult to  determine  by  the  single  light-curve  method,  on  ac- 
count of  apparent  fluctuations  at  this  phase.  Vexatious  and 
discouraging  residuals  of  about  a  day.  with  pretty  equal 
distribution  of  signs,  were  also  apt  to  result  from  reduction 
by  this  method,  as  will  be  seen  by  examining  the  table  of 
observed  maxima  given  below.  An  experimental  light- 
curve,  made  in  1889,  the  normals  for  which  are  made  up 
from  half-day  groups,  indicates  a  slight  depression  at  tin- 
computed  time  of  maximum. 

At  the  end  of  the  season  of  1893,  my  observations  had 
accumulated  to  the  number  of  over  four  hundred,  and  I 
considered  that  the  means  were  at  hand  for  a  more  defini- 
tive study  of  the  star's  light-curve  than  had  previously 
been  made. 

I  therefore  proceeded  to  form  a  light-scale  from  the 
whole  body  of  the  six  years'  observation-. 

The  comparison-stars  used  arc  those  given  by  Chandler, 
in  his  paper  above  referred  to;  they  are  here  recapitulated, 
with  the  light-scale,  and  deduced  magnitudes.  In  the  sub- 
joined table,  U.N.  stands  for  Abgelander's  CJranometria 
Nova;  H,  forHsis,  and  DM.  for  the  Bonn  Durchmusterung  ; 
V  denotes  my  own  determinations  of  magnitude  from  the 
light-scale. 

The  value  of  a  single  step  is  0M.12,:. 
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Mar 


Name 


(  !omp  lrison-Stars. 
DM.  IV  II 


Light 


a  —  F.  14  Sagittae 

5.0 

6.0 

6.5 

var.-/ 

ll.s 

b  -       11       " 

5.8 

6.0 

6.0 

5.84 

9.9 

c  =       13 

5.8 

6.0 

6.0 

6.08 

7.9 

d  =  DM.  is  1216 

6.6 

_ 

6.7 

o.oo 

3.0 

e  =  DM.  16°4086 

7.0 

_ 

— 

7.00 

0.0 

The  observations  of  the  season  of  1893  indicate,  by  the 
use  of  the  single  light-curve,  eight  maxima,  which  are  in- 
corporated in  the  table  of  observed  maxima,  to  be  hereafter 
given  ;   and  tive  minima,  as  follows: 

1893  July  14.3         3 
23.6        4 
30.8        3 
Aug.    8.3         3 
Sept.  11.3        3 
The  following  table  contains  the  observed  dates  of  maxi- 
ma and  minima  which  I  have  been  able  to  collect.     Iu  the 
columns  headed  "  Ob.,"  the  letter  G  stands  for  Gore  ;  H 


for  Harvard  College  Observatory;  E  for  Espix  ;  0  for  Ox- 
ford; C  for  Chandler ;  S  for  Sawyer;  R  for  Reed  ;  and 

V  for  myself. 

From  E  500,  forward,  the  maxima  marked  G  are  reduced 
by  myself  by  the  use  of  the  single  light-curves,  from  Gore's 
observations,  published  at  various  times  in  the  Monthly 
Notices ;  my  own  maxima,  marked  *,  were  obtained  by  the 
application  of  a  mean  light-curve;  the  others  by  the  single 
curves. 

The  residuals  in  the  columns  0  — C  are  from  comparison 
with  Chandler's  elements. 


Observed  Maxima,  187(3  to  1893. 


E 

Boston  M.T. 

O— C 

Ob. 

E 

Boston  M.T. 

O— C 

Ob. 

E 

Boston  M.T. 

O— C 

Ob. 
V 

0 

1876  Dec.   14.2 

+0.80 

G 

436 

1886  Dec.    17.29 

+  0.71 

R 

500 

1889  Dec.      9.83* 

-0.45 

L23 

1879  Oct.    10.2 

-0.34 

» 

437 

20.72 

+  1.76 

it 

507 

18.26* 

-0.41 

ii 

161 

1880  Aug.  23.7 

0.00 

H 

500 

1888  June    4.4 

-0.60 

Y 

585 

1890  May   19.40 

+0.83 

a 

204 

1881  Aug.  19.9 

+0.32 

it 

501 

13.53* 

+  0.15 

a 

588 

June  13.88 

+1.16 

a 

260 

1882  Dec.     2.2 

+  0.17 

E 

502 

22.40* 

+0.64 

a 

591 

July     7.25 

-0.62 

a 

292 

1883  Aug.  27.2 

-0.28 

0 

503 

30.17* 

+  0.02 

a 

592 

10.23 

-0.03 

a 

339 

1884  Sept.  24.2 

-0.11 

G 

504 

July     8.53 

-O.OS 

a 

593 

24.02 

-0.02 

tt 

387 

1885  Oct.    31.53 

-0.17 

a 

505 

16.70 

-0.21 

a 

594 

Aug.     2.90 

+  0.88 

tt 

388 

Nov.     9.20 

+  0.12 

a 

506 

24.40 

—  0.90 

a 

595 

10.60 

+  0.19 

G 

389 

16.84 

-0.63 

a 

508 

Aug.  11.60* 

+  0.54 

Si 

596 

18.14 

—  0.05 

Y 

390 

25.80 

-0.05 

" 

510 

28.45 

+  0.62 

a 

598 

Sept.    4.40 

-0.15 

G 

391 

Dec.     4.57 

+0.34 

a 

511 

Sept.    5.33 

+  0.12 

a 

it 

4.47 

-0.08 

Y 

it 

4.20 

-0.03 

c 

514 

30.00 

-0.36 

« 

000 

21.90 

+  0.58 

G 

392 

12.92 

+  0.30 

G 

515 

Oct.      8.62* 

-0.12 

a 

ti 

22.25 

+  0.93 

Y 

ti 

12.92 

+0.30 

C 

516 

18.40 

+  1.27 

a 

601 

29.80 

+  0.10 

a 

393 

21.45 

+0.45 

G 

" 

16.50 

-0.63 

G  . 

602 

Oct.      8.60 

+  0.51 

G 

a 

20.84 

-0.16 

C 

517 

24.25 

-1.26 

Y 

603 

15.87 

-0.60 

Y 

394 

29.26 

-0.12 

G 

518 

Nov.     2.40 

—  0.49 

« 

606 

Nov.   12.70 

+  2.08 

G 

ii 

29.75 

+  0.37 

C 

519 

12.40 

+  1.12 

tt 

631 

1891  June    8.40 

+  0.20 

Y 

395 

18S6  Jan.      6.26 

-0.51 

tt 

520 

19.25 

-0.41 

.. 

634 

July     4.50 

+1.15 

it 

411 

May   20.60 

-0.30 

tt 

521 

27.80 

-0.24 

G 

635 

11.70 

-0.04 

et 

426 

Sept.  23.27 

-0.47 

s 

529 

1889  Feb.      2.74* 

-0.37 

Y 

i  ;.•;<; 

21.30 

+  1.18 

a 

427 

Oct.      1.40 

-0.73 

ii 

542 

May   21.20* 

-1.89 

ii 

637 

28.62* 

+  0.12 

a 

428 

10.30 

-0.21 

l( 

543 

30.65* 

-0.S2 

« 

640 

Aug.  24.66 

+  2.01 

a 

429 

18.81 

-0.08 

a 

544 

June     S.72 

-0.13 

ii 

642 

Sept.     7.60 

-0.82 

a 

•• 

20.97 

+  2.08 

R 

557 

Sept.  25.12* 

-0.71 

ii 

643 

16.70* 

-0.10 

ii 

431 

Nov.     4.38 

-0.28 

s 

558 

Oct.      4.71* 

+  0.49 

it 

645 

Oct.      2.87* 

-0.70 

it 

a 

4.45 

-0.21 

R 

559 

13.60* 

+  1.00 

it 

047 

22.30 

+  1.97 

it 

432 

L2.96 

-0.08 

S 

560 

22.SO 

+  1.82 

G 

649 

Nov.     6.70 

+  0.60 

ti 

a 

14.31 

+  1.27 

R 

it 

21.27* 

+  0.29 

Y 

072 

1892  May   17.42 

+0.50 

ti 

433 

20.43 

-1.00 

s 

561 

30.50 

+  1.13 

G 

074 

June     2.89 

+  0.21 

ii 

434 

29.15 

-0.66 

it 

562 

Nov.     5.4S* 

-1.27 

Y 

075 

13.10 

+  2.03 

ti 

U 

29.65 

-0.16 

R 

563 

14.98* 

-0.15 

it 

678 

July     7.40 

+  1.18 

a 

135 

Dec.      7.91 

-0.28 

s 

564 

24.30 

+  0.68 

G 

079 

15.50 

+  0.90 

it 

tt 

, 

9.31 

+  1.12 

R 

565 

30.58* 

-1.32 

Y 

680 

24.40 

+  1.42 

a 
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E 

Boston  M.T. 

o— c 

Ob. 

E 

Boston  M.T. 

0— c 

<  >b. 

E 

Boston  M.T. 

O— C 

Ob. 

Y 

681 

1892  July  31.10 

-0.27 

Y 

690 

1892  Oct.    13.02 

-1.80 

Y 

724 

1893  July  27.40 

+  o..-,o 

683 

Aug.  18.00 

+  0.87 

a 

691 

25.63 

+2.43 

.. 

72.". 

Aug.     4.60 

+  0.38 

a 

684 

24.70 

-0.81 

a 

693 

Nov.  11.36 

+  1.40 

a 

720 

L1.80 

-0.81 

(C 

685 

Sept.    2.79 

-0.11 

•• 

694 

17.30 

-0.05 

a 

7  29 

Sept.    8.30 

+1.54 

a 

686 

10.90 

-0.38 

a 

697 

Dec.    11.41 

-1.09 

a 

730 

1  1.80 

-0.34 

a 

687 

20.20 

+0.54 

a 

716 

1893  May   20.90 

+0.13 

a 

734 

Oct.    19.50 

+  0.83 

tt 

CSS 

27.10 

-0.95 

it 

72 1 

July     1.80 

+  0.11 

a 

689 

Oct.      6.47 

+0.04 

•• 

72:; 

L8.50 

+  0.04 

a 

In  forming  tin-  mean  light-curve,  the  step-values  found 
from  the  use  of  the  light-scale  were  arranged  in  chrono- 
logical order,  using  the  computed  times  of  maximum  ac- 
cording to   Chandler's    elements  as   the   zero-point,  and 


assembled  in  groups  of  ten;  the  normals  obtained  from 
these  groups  are  as  follows,  the  residuals  in  the  column  d 
being  the  departure  of  the  normals,  expressed  in  steps  of 
the  light-scale,  from  the  curve  as  finally  drawn. 


Table  of 

Nob  m  als. 

Time 

Lt. 

w 

(l 

Time 

Lt. 

w 

d 

St. 

Bt. 

Bt. 

St. 

-3.13 

1.92 

38 

—0.37 

+  1.05 

10.35 

32 

+  0.13 

-2.86 

6.41 

34 

+  0.74 

+1.18 

10.33 

26 

-0.21 

-2.70 

6.14 

39 

+  0.17 

+  1.22 

10.05 

37 

+0.04 

-2.57 

6.82 

35 

+  0..-.7 

+  !..-.»; 

10.90 

37 

+  0.03 

-2.45 

7.19 

38 

+0.68 

+1.82 

8.73 

34 

-1.07 

-2.29 

5.70 

37 

-1.21 

+  2.00 

8.42 

34 

-0.62 

-2.15 

7.02 
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The  average  departure  of  the  curve 

from  the 

normals  is  0at-897 

,  =  0M.047. 

These  normals  indicate  a  decided,  though  small,  depres- 
sion of  the  curve  in  the  computed  place  of  the  maximum 
phase,  making  a  double  maximum  at  an  interval  of  rather 
more  than  two  days ;  those  near  the  minimum  show  some 
discordance,  possibly  attributable  to  the  inconvenience  of 
the  comparison-stars  useil  for  this  part  of  the  period;  the 
point  of  actual  minimum  is.  however,  pretty  definitely  indi- 
cated. 

As  I  had  for  several  years  suspected  the  comparison-star 
a  of  more  or  less  fluctuation,  it  seemed  possible  that  the 
apparent  depression  at  maximum  might  perhaps  be  due  to 
this  cause,  in  part,  at  least,  although  the  use  of  this  star 
had  been  discontinued  since  1889;  but  upon  eliminating 
the  comparisons  in  which  it  was  used  from  the  normals  in 
which  they  appeared,  the  feature  was,  if  anything,  a  little 


more  marked  than  when  these  comparisons  were  taken  into 
account. 

As  will  be  seen  upon  examining  the  table  of  maxima, 
considerable  residuals,  with  a  pretty  impartial  distribution 
of  sign,  are  shown  by  many  of  them,  especially  in  those 
determined  from  the  single  curves  ;  the  use  of  a  mean  light- 
curve,  in  forming  which  no  account  has  been  taken  of  this 
depression,  tends  to  mask  these  differences;  but  notwith- 
standing this,  some  indications  of  them  appear  in  the  pub- 
lished times  of  Chandler,  Reed,  and  Sawyer. 

The  curve  indicated  by  the  normals  is  very  peculiar; 
the  minimum  occurs  at  —  .';.-7.';  days;  a  sharp  rise  from 
minimum  is  shown,  followed  by  two  distinct  and  equal 
minima,  at  —0.93  days  and  +1.48  days,  separated  by  a  de- 
pression of  about  0.2  mag.,  the  lowest  point  occurring  at 
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the  computed  time  of  maximum;  the  second  maximum  is 
followed  by  a  very  sudden  inflection  in  the  curve,  the  nor- 
mals indicating  whai  amounts  almost  to  a  third  sub-maxi- 
mum.    The  curve  lias  nothing  in  common  with  the  ti  Lyrae 


type,  bul   is  a  variation  of  the  ordinary  yAquilae  type  "I 
short-period    light-curves,  or  may   perhaps  be   considered, 
like  the  former,  as  forming  a  distinct  type  by  itself. 
The  readings  from  the  curve  arc  as  follows: 


Time 

Light 

.1 

St. 

-:;.27:; 

5.20 

3.2 

5.2] 

3.0 

.-..  i  I 

2.8 

r..77 

2.6 

6.18 

2.4 

6.62 

2.2 

7.17. 

-2.0 

7.77. 

Time 

.i 
-1.8 
1.6 

1.1 
l.i' 
l.o 
0.93 

o.s 

-0.(1 


Light 

si 

8.36 
9.04 
9.70 

lo.;;  I 
lit. so 
K). si; 
L0.68 
9.85 


Reading  from  Mean  Light-Cu 


Time 

.i 
-0.4 
—0.2 

±0.0 

+  0.2 

o.l 

0.6 

o.s 

+  1.0 


Light 

St. 

9.46 
9.32 
9.28 
9.32 

o.:;;i 

9.54 

9.84 

10.20 


V     LlGHT- 

(    l   I.'VE. 

Timc 

Light 

Time 

rt 

st. 

d 

+  1.2 

10.58 

+2.6 

1.4 

lo. si; 

2.S 

1.48 

10.90 

3.0 

1.6 

L0.76 

3.2 

l.s 

o.s.-, 

;u 

2.0 

9.04 

3.6 

2.2 

8.35 

3.8 

+  2.4 

S.IKI 

+  4.o 

Light 

si. 

7.70 
7.4o 
7.20 
6.90 
6.68 
6.45 
0.20 

0.01 1 


Time 


Light 


+  4.2 

.-..so 

4.4 

5.63 

4.0 

5.48 

4.8 

5.35 

+r..o 

5.26 

Dorchester,  Mass.,  1894  May  31. 


ON    THE   FORMS   OF   THE   DISKS  OF   JUPITER S  SATELLITES. 

By  J.  M.   SCHAEBE1ILE. 

ing  a   rapid  change  of   phase,  the   results  of  a  series  of 


The  contradictory  results  obtained  by  different  observers 
of  Jupiter's  satellites  seem  to  indicate  that  with  our  present 
instrumental  means  it  may  be  impossible  to  decide  defi- 
nitely the  exact  form  of  celestial  bodies  presenting  very 
small  disks.  The  evidence  seems  to  prove  that  the  unavoid- 
able errors  of  judgement  in  different  conscientious  observers 
are  often  due  to  radically  different  causes.  Just  how  these 
different  errors  are  produced  is  not  clear,  but  that  some  of 
the  observers  are  wrong  the  discordance  in  the  results 
proves. 

The  case  of  Jupiter's  first  satellite  furnishes  a  good  ex- 
ample. In  a  careful  series  of  observations  of  this  body 
made  with  the  special  purpose oi  determining  the  form  of  the 
disk,  Professor  Barxakd,  with  one  single  except  ii  >n.  record©  I 
the  satellite  as  circular  in  outline  on  eighteen  different  oc- 
casions.1 To  Professor  Campbell  and  myself  the  satellite 
appears  round  only  when  it  is  very  near  to  or  projected  on 
the  disk  of  Jupiter,  and  elongated  in  the  direction  of  the 
planet's  equator  in  all  other  positions.-  Professor  Holden 
states  that  during  our  observations  he  satisfied  himself  that 
the  disk  of  /was  elliptical,  and  that  of  ZZZround  when  the 
satellites  were  off  the  disk.  Professor  \Y.  H.  Pickering,  on 
the  other  hand,  observed  regular  periodic  changes  of  such  a 
nature  that  the  interval  of  time  between  a  circular  phase 
and  the  next  following  (or  preceding)  maximum  elliptical 
phase  was  only  about  six  and  one-half  hours.3  The  last 
mentioned  observations  were  made  at  Arequipa,  and  have 
not  been  verified  elsewhere. 

As  an  illustration  of  my  own  observations  of  satellite  7, 
made  near  its  elongation  for  the  special  purpose  of  detect- 

1  Astronomy  and  Astro-Physics  for  April,  1S94,  page  272. 
"Publication  of  the  Astronomical  Society  of  the  Pacific,  1891,  Vol. 
Ill,  page  355. 
3  Astronomy  and  Astro-Physics  for  May,  18'. '3.  page  390. 


measures  of  the  major  and  minor  axes  of  the  several  ellipti- 
cal disks  as  drawn  by  me  on  Dec.  9,  1893,  are  here  given. 
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lton  r 
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HI 
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40 
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35 
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20 
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20  ( 

.S.T. 


Ratio  of  diameters 


0.84 
o.so 
0.83 
o.so 
0.83 
20  (note)  no  drawing      (0.83)  same  as  at  13h20m 

Tt  will  be  seen  that  during  a  continuous  interval  of  5h  40™ 
my  observations  gave  a  practically  constant  form  for  the 
outline  ;  during  this  time  all  the  other  satellites  appeared 
nearly  round. 

As  bearing  directly  upon  the  Arequipa  satellite-obser- 
vations a  significant  fact,  apparently  showing  the  great 
superiority  of  the  Mt.  Hamilton  results  over  those  obtained 
by  Professor  W.H.  Pickering,  will  now  be  briefly  considered. 

In  a  paper4  published  in  no.  305  of  this  Journal  I  proved 
that  the  apparently  abnormal  forms  of  the  shadows  which 
I  repeatedly  observed  here,  and  which  had  at  divers  times 
been  observed  by  others,  were  not  abnormal  at  all,  but  re- 
quired by  theory.  The  past  literature  of  this  subject  reveals 
the  fact  that  some  of  the  ablest  astronomers  must  at  times 
have  regarded  the  shadows  as  round  when,  as  the  theory 
will  prove,  they  were  very  far  from  being  so.  So  strongly 
has  the  heretofore  generally  received  idea  —  that  the 
shadows  as  viewed  from  the  earth  should  always  be  practi- 
cally circular  —  influenced  the  judgement  of  observers  in 
general  that  the  comparatively  few  records  describing  the 
true  form  of  the  shadow  when  it  was  not  round  have  been 


1  A  Simple  Geometrical  Explanation  of  the  Causes  of  the  Observed 
Distortions  of  the  Shadows  of  Jupiter's  Satellites. 
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regarded  with  more  or  less  doubt,  at  times,  by  even  the 
actual  observers  of  the  phenomenon. 

Now  one  would  naturally  suppose  that  an  observer,  after 
having  discovered,  as  lie  believed,  a  periodic  variation  in 
the  form  of  a  satellite,  would  seek  to  verify  Ins  results  by 
examinations  of  the  satellite's  shadow  during  its  transit 
across  the  disk  of  the  planet.  Taking  the  January  L893 
observations  of  the  satellites  as  observed  at  Arequipa,  I 
rind  that  the  longest  (longitudinal)  diameter  of  every 
shadow,  just  after  its  ingress  on  the  visible  disk  of  Jupiter, 

Lick  Observatory^  IS'.i  |  ./„„,  *,i. 


was  more  than  twice  the  breadth  of  the  shadow,  while  at 
egress  just  the  reverse  condition  of  things  existed.  That 
this  enormous  distortion  escaped  the  scrutiny  of  the  Are- 
quipa observers  seems  to  be  shown  by  the  published 
dence,  for  nowhere,  as  tar  as  I  know,  does  it  appear  that 
the  repeatedly  distorted  shadow-outlines  were  ever  observed 
at  Arequipa.     At  the  Lick  Observato  her  hand, 

the  systematic  recurrences  of  the  various  phenomena  during 
the  shadow's  transit  were  so  persistently  observed  by  my- 
self that  they  led  to  the  discovery  of  the  true  explanation. 


OBSERVATIONS   OF   PLANETS    (319)    AND  AX, 

MADE    AT    THE    CINCINNATI    OBSEBVATOBY, 

By  PHILLir*    [SHAM. 
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OBSERVATIONS   OF   COMET  h  1894, 

MADE    AT    THE    CINCINNATI    OBSEBVATOBY, 

By   PHILLIPS   ISHAM. 
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Mean   Places  for  1894.0  of  Comparison- Stars. 
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NEW    ASTRONOMICAL   WORK. 


des   Neptunstrabanten    am   ZQ-zolligen    Pulkowaer 
Be/roctor.     von  Hermann  Stbuve.     St.  Petersburg,  1894. 

This  memoir  is  from  Volume  XI. II  of  the  Imperial  Academy  of 
Sciences  of  St.  Petersburg,  and  contains  the  observations  of  the  satel- 
lite of  Veptutu  in  the  seven  years  1886  1893,  made  at  Pulkowa  by 
Dr.  Hermann  Stbi  vi  .  together  with  a  discussion  of  the  observa- 
tions and  tin-  deduction  of  a  new  orbit  of  tin'  satellite.  The  measures 
are  divided  into  four  groups,  each  containing  about  forty  complete 
observations  of  the  angle  of  position  ami  the  distance  of  the  satellite. 
Each  observation  consists  of  eight  pointings  for  the  distance,  and  the 
same  for  the  angle.  The  measures  of  the  angle  were  made  in  two 
srN.  so  that  the  means  of  the  times  for  angle  and  distance  are  nearly 
the  same.  Different  kinds  of  illumination  were  used,  and  great  care 
was  taken  to  avoid  systematic  errors.  The  angles  were  measured  in 
two  ways;  by  bisecting  tin-  planet  and  satellite,  ami  by  placing  them 
between  parallel  wires.  The  first  method  proved  the  more  accurate. 
The  magnifying  powers  were  515,  630,  and  900. 

An  investigation  was  made  of  the  systematic  errors  of  the  angles, 
by  observing  twenty-two  double  stars.  It  has  always  seemed  to  us 
that  the  insertion  of  a  small  prism  so  that  the  angle  could  be  changed 
to  0°,  or  90°,  or  to  any  position,  would  be  a  good  way  of  investigating 
this  question.  The  distances  were  tested  by  measuring  the  angle  be- 
tween known  stars,  and  the  error  was  shown  to  he  very  small.  In  a 
distance  of  2'  the  mean  difference  is  0".03. 

In  forming  the  equations  of  condition  the  polar  formulas  of  Makth 
were  used,  since  they  were  found  shorter  and  more  convenient  for 
the  computation  than  those  of  Bessel.  The  four  groups  of  obser- 
vations give  eight  groups  of  equations,  and  the  residuals  after  solu- 
tion show  that  the  observations  are  excellent.  The  largest  residual 
is  0".599. 

The  values  of  the  mean  distances  of  the  satellite  are 


Mean 


1887.62 

o  =  16.283 

±0.028 

1889.02 

16.272 

±0.019 

1890.01 

16.253 

±0.021 

1S92.60 

"         16.293 

±0.032 

1890.0 

a  =  16.271 

±0.012 

In  order  to  determine  the  mean  motion  of  the  satellite,  and  the 
motion  of  the  orbit-plane,  the  observations  of  Lassell,  Bond  and 
O.  Strive  are  discussed.  The  mean  daily  motion  of  the  satellite  is 
found  t"  be 

)1   =  til -.2574s 

The  motion  of  the  orbit-plane  pointed  out  by  Maim  it  in  1886  is 
confirmed.  It  appears  to  be  proportional  to  the  time,  and  if  N  be 
the  node  on  the  equator,  and  /  the  inclination.  Strive  finds  that  all 
the  determinations  can  be  represented  by  the  equations 

N  =  18.5'.15  +0.148(t— 1890) 
I  =  119.35  — 0.165(«— 1890) 

Tisserand  pointed  out  that  this  motion  is  probably  produced  by  a 
flattening  of  the  planet,  and  that  a  flattening  of  Tl_  would  produce 
the  observed  motion,  if  the  planet  be  homogeneous. 

The  orbit  of  this  satellite  is  nearly  circular,  since  the  values  of  the 
eccentricity  found  by  all  the  observers  lie  between  0.003.  and  0.010. 

The  resulting  mean  distance,  16".271  ±0".012.  gives  the  mass  of 
Neptune 

1 
19396  ±  43 

At  the  end  of  his  memoir  the  author  gives  his  determinations  of 
the  diameter  of  the  planet  as  follows  : 

/i 

For  yellow  field  illuminations        2.120  5  observations 

bright  red  "  2.197  10 

dark  red  "  2.273  10 

for  log  distance  1.4742.     These  show  dependence  of  the  illumination. 
Those  by  Lassell  and  Makth  are 

it 
Lassell,         2.270         6  observations 
Majbth,  2.289        5 
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ON    THE    INEQUALITIES    IN    THE    COEFFICIENTS    OF    THE    LAW    OF 

LATITUDE-VARIATION, 

By   S.   C.    CHANDLER. 


In  this  paper  it  is  proposed  to  attempt  to  find  the  defini- 
tive elements  of  the  law  of   latitude-variation,  including 

the  inequalities  in  its  various  coefficients.  This  problem 
has  long  been  in  view,  but  I  was  not  hopeful  of  a  successful 
solution  until  the  strikingly  definite  results  obtained  from 
Pond's  work  satisfactorily  bridged  the  gap  between  Brad- 
ley's and  Molyneix's  Kew  and  Wanstead  series  and  the 
modern  observations,  thus  making  the  numeration  of  the 
periods  elapsed  during  this  long  interval  certain,  and  fixing 
within  narrow  limits  the  average  length  of  the  428''.6-term. 
This  provides  a  definite  starting  point  for  the  detection  of 
the  oscillations  of  the  four  coefficients  about  their  mean 
values.  That  such  oscillations  are  present  has  been  advert- 
ed to  several  times  in  the  course  of  these  papers. 

In  this  investigation  we  can  get  no  help  from  theory. 
Our  standpoint  in  this  regard  is  so  low  that  we  are  in  the 
dark  as  to  what  kind  of  variations  may  be  expected  </  priori  : 
and  still  more  as  to  which  of  any  observed  variations  in 
the  coefficients  stand  in  the  relation  of  cause  or  effect  to 
the  others.  For  this  reason  no  tenable  objection  can  be 
urged  against  any  simple  empirical  law  which  distinctly 
satisfies  all  our  observations.  Our  only  course  forthe  pres- 
ent is  to  rely  solely  upon  pure  induction  from  observation, 
which  has  already  led  us  safely  to  the  knowledge  of  the 
general  law.  and  enabled  us  to  fix  the  average  values  of  the 
constants  with  a  precision  which,  notwithstanding  their 
minuteness,  and  the  receiitness  of  our  perception  even  of 
the  existence  of  the  phenomenon  itself,  seems  to  be  com- 
parable with  that  attained  in  the  other  fundamental  con- 
stants of  astronomy. 

The  present  discussion  is  a  definitive  one,  in  the  sense 
that  no  series  of  observations  has  been  omitted  which 
could  materially  improve  the  numerical  values.  It  is  based 
upon  the  nineteen  determinations  of  the  latitude-formula 
given  in  the  following  table.  These  were  found  from  least- 
square  solutions  uniformly  on  the  principles  developed  in 
A.J.  287.     The  reference-letters  in  the  first  column,  from 


A  to  H,  inclusive,  are  the  same  as  given  in  A.J.  307,  where 
a  brief  description  of  these  series  will  be  found.  For  the 
others  a  similar  description  is  appended  to  the  table  here. 
The  values  of  T,  and  G  have  all  been  referred  to  the  Green- 
wich meridian,  and  the  former  to  a  common  epoch  (1865) 
by  means  of  the  period  428''.6. 

Observed  Values  of  Coefficients. 


Series 

p 

t 

r, 

<i 

G 

J*2 

0 

3 

1828 

240  2361.1 

0.141 

367°6 

0.170 

0 

2 

is:;:: 

2405.8 

.134 

377-0 

.155 

P 

2 

L840 

2240.2 

.059 

361-5 

.123 

A 

1 

1843 

2215.3 

.077 

347-2 

.122 

C 

1 

1 8  1 5 

225.-;.:: 

.035 

297. 1 

.100 

P 

2 

1S47 

2319.8 

.092 

347.4 

.157 

Q 

1 

1854 

2215.8 

.109 

269.2 

.1  12 

>,> 

1 

1861 

2263.6 

.088 

305.5 

.052 

R 

3 

L866 

2349.5 

.120 

269.5 

.DCS 

D 

3 

1867 

2386.3 

.235 

274.1 

.166 

Q 

1 

L869 

2361.7 

.150 

288.6 

.1  IS 

E 

3 

1873 

2365.1 

.181 

283.2 

.088 

Q 

1 

1876 

2365.2 

.088 

275.0 

.171 

F 

2 

1S77 

2360.3 

.236 

329.7 

.227 

a 

2 

1 882 

.  2337.0 

.  1 52 

290.1 

.11  1 

Q 

1 

1883 

2354.6 

.162 

271..S 

.093 

V 

1 

L888 

2376.7 

.171 

312.8 

.150 

// 

3 

1891 

2366.0 

.142 

343.6 

.164 

s 

3 

1S1I2 

2402328.6 

0.1  19 

355.3 

I)  1  15 

Notes  to  Table. 
A,  C,  D,  E,  F,  G,  II.     For  description  see  A.J.  307. 
O.     Greenwich  Mural-Circle  observations  of  36  stars,  under  Pond; 
in  two  groups,  1825.3-30.6  ami  1830.7-36.0.     See  A. .J.  313,  315. 

P.  (Jreenwich  Mural-Circle  observations  of  43  stars,  under  Airy; 
in  two  groups,  1836.0-43.4  and  1843.5-51.0.     See  A.J.  319. 

Q.  Greenwich  Transit-Circle  observations  of  four  close  circumpo- 
lars;  in  six  groups,  ls.M.u  :,s.o,  1s.,-,s.im;.-,.0.  1805.0-72.0,  1872.0- 
79.0,  ls7u.n-.se,. ii,  1884.6-91.6.  The  last  two  groups  overlap. 
The  numerical  data  from  which  these  solutions  were  made  were 
taken  from  Thackeray's  paper,  Bfon.  Not.  liii,  120 ff. 

R.  Leyden  Meridian-Circle  observations  of  Polaris,  1864.3-68.5. 
The  solution  was  made  from  the  data  which  I  gave  in  A.J.  250. 

S.  Strassburg  observations  by  Talcott's  method,  1891.4-93.9. 
This  solution  is  Becker's,  A.N.  3209. 
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I  have  limited  the  discussion  to  the  European  scries,  for 
the  following  reason.  While  the  American  series  are  suita- 
ble, and  have  been  used,  for  deciding  the  question  of  the 
direction  of  the  rotations,  the\  an-  not  sufficient  to  indicate 
whether  both  of  these  rotations  are  strictly  circular.  i.e., 
exactly  proportional  to  differences  of  longitude.  If,  as  I 
suspect,  this  is  not  rigorously  the  case,  the  reductions  to 
Greenwich,  being  large,  may  be  sensibly  in  error  and 
vitiate  the  results.  The  European  series,  being  all  com- 
prised within  a  range  of  30°  in  longitude,  the  reductions 
to  a  common  meridian  are  small  and  appreciably  collect 
unless  one  of  the  rotations  is  extremely  eccentric. 

The  observed  values  of  the  constants  in  the  above  table 
are  entered  on  the  accompanying  chart :  the  428d  and  an- 
nual terms  being  represented  in  the  upper  and  lower  parts, 
respectively.  The  arguments  for  the  epochs  are  on  the 
left,  those  for  the  amplitudes  on  the  right.  The  linear 
vertical  scales  are  different  for  the  two  terms.  This  mode 
of  delineation  was  chosen  in  order  to  bring  out  perspicu- 
ously the  characteristic  features  of  the  variations  in  the 
different  coefficients,  and  the  close  mutual  relations  that 
appear  to  exist  between  them.  These  are  visible  at  a 
glance,  and  are  of  a  curious  description.  In  the  428d-term 
the  departures  from  the  mean  values  are  manifestly  sys- 
tematic, and  seem  to  obey  the  same  law  for  epoch  and 
amplitude.  The  minimum  and  maximum  values  of  both 
occur  about  1850  and  18S0,  respectively.  In  the  annual 
term  the  departures  of  the  epoch,  G,  are  even  more  dis- 
tinctly systematic,  but  the  minimum  lies  about  midway 
between  the  dates  named.  The  variations  in  the  amplitude 
of  this  term  do  not  so  distinctly  appear  on  the  chart,  hut 
if  the  weights  of  the  points  be  attended  to,  the  same  like- 
ness to  those  of  the  epochs  seems  to  prevail  here,  as  is  the 
case  in  the  first  term. 

This  singular  correlation  of  the  observed  deviations,  and 
their  general  character,  are  strongly  suggestive  of  a  single 
common  periodic  law,  with  a  cycle  of  60  or  70  years.  It 
is  therefore  proposed  to  test  such  a  hypothesis  by  confront- 
ing it  with  the  observed  values  of  all  four  coefficients. 
on  the  assumption  that  they  are  simple  functions  of  the 
same  arbitrary  angle. 

The-nature  of  the  observed  variations  in  the  coefficients 
allows  us  to  assume 

dG 
777 

dr, 

=  «j  cos  * 


If 
drx 


— —  =  w,  cos  * 

at 


=  u:,  sin* 


dt 


dt 


=  s„  sm  * 


Integrating,  expressing  *  as  a  function  of  the  time,  and 
taking  convenient  symbols  for  the  new  constants,  we  have 


Tx  =  Tl°+m1  sin* 
Pj  =  i-f  +o-j  sin* 


G  =  G°—  w.2cos* 
rt  —  ;'j°  —  o-o  cos* 


Tin'  constants  must  he  found  by  approximation.     First, 
assuming     p  =  6°,     we  get 


T1»  =  240  232o.4  ±6.5 
G°  =  315.3±3.8 
r1°  =  0".128±0".006 

/•„"=  0".136±0".005 


oj,  =  58.8  ±10.0 
0..,  =  42.2  ±  4.5 
Cr1"=0".053±0".O09 


<r,  =  0".023±0".008 

From  the  same  solutions  we  get  four  independent  values 

of  the  date  t, 

lSli4.0±1.7    ,    1865.2±1.7    ,    1866.1  ±0.9    ,    1S59.4±4.8 

the  agreement  of  which  within  their  probable  errors  affords 
a  satisfactory  index  of  the  suitability  of  the  adopted 
hypothesis.  Proceeding,  therefore,  to  a  final  determi- 
nation, we  first  find  r  and  /i.  From  the  solutions  of  the 
four  independent  sets  of  equations  we  have, 

From  equations  in  Tv         1865.96±0.02         5.96±0.33 


'V 

1X65.97  ±0.02 

5.57  ±0.37 

G, 

1866.00  ±0.(i2 

4.99  ±0.30 

r„, 

1865.89  ±0.08 

4.53  ±1.31 

(51) 


T1°  =  240  2327.3  ±6.5 
G"  =  316.8  ±4.1 
r°=  0".133±0".007 


Thus  the  two  terms  of  the  latitude-variation  give  inde- 
pendently for  n,  5°.78±0.25  and  4°.97±0.30;  corre- 
sponding to  the  periods  62.3  ±2.7  and  72.4  ±4.4  years, 
respectively  for  the  428'1  and  annual  terms.  There  appears 
to  be  no  sufficient  reason,  from  the  probable  errors,  without 
further  evidence,  to  assume  different  values,  and  I  therefore 
adopt  fi  =  5°.  48  for  both,  corresponding  to  a  period  of 
65.87  years.  We  have  also  T  =  1866.0 ±0.03.  The  other 
solution  gave  the.  mean  value  1865.1  ±0.6.  For  convenience 
I  adopt  1865.25,  which  corresponds  to  the  time  of  minimum 
latitude  from  the  428d-term  in  1865. 

A  final  solution,  with  these  values  of  jj.  and  t,  gives  the 
other  coefficients  as  follows  : 

to,  =  53.1  ±9.9 
«.,  =  44.2  ±3.0 

cr,  =  0".(146±U".(MI7 

r2»  =  0".136±O".0O7  o-a  =  0*.018±0".009 

Adopting  slightly  rounded  values  we  have  finally,       (52) 

T,  =  2402327  +428.6^  +55  sin*  G  =  317°  -44°  cos* 
/•,  =  0".135  +0".05  sin*  /•,  =  0".135  -0".02  cos* 

in  which  *=  (,-1865.25)  5°.48  or  (f -2402327)  0°.015 
according  as  wTe  express  t  in  years  or  Julian  days. 

From  the  expression  for  T,  we  get  the  value  of  the  period 
of  the  428d-term,  according  to  this  law.  428".6  +  5d.26  cos  *; 
\\  liii'h  varies  between  423d.3  and  433d.9  in  a  period  of  65.9 
years.  Similarly  we  find  from  the  variation  of  G  that 
the  annual  period  varies  between  361d.O  and  369'1.5,  in  the 
same  time. 

We  thus  have  a  complete  numerical  theory  for  the  con- 
stants in  the  general  latitude-formula, 

<p  -  cr ,,  =  -  /-,  cos  [1+ (t—  Tx)  $1  -  ;•.,  cos  (;.  +  ©  -  (?) 

which  will  satisfy  the  observations  during  three-quarters 


It /(</><«[/// ies  ofCbeffkienis  i//£(i/c  of  Latitude  Variafim . 


1830 


1840 


^Ay-  da//  7erm 

1850  I860  1870 


1880 


1890 


2+37 


2382 


2327 


2272 


Epochs,  o o o  ;    left-hand  arguments 

jfmpffltttles,  . . ,  ;     rii//it-?>«/«/ /i rf/////te/if.s 

Computed,       ;    e&uaium  ( -7? ) 
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of  a  century.  The  values  computed  from  eq.  (52)  are  given 
in  a  table  below,  and  the  resulting  curves  are  also  traced 
on  the  chart. 

Elements  of  Latitude-Variation, 
Computed  from  Eq.  (52). 


E 

Ti 

n 

G 

n 

-40 

2385236.5= 

=  1818  June  15.5 

0.184 

327^0 

0.140 

-35 

7364.7 

L824  Apr.   12.7 

.170 

348.2 

.1  I'.) 

-30 

238  94S1.ii 

1830  Jan.   28.0 

.146 

359.9 

.  1 55 

-25 

2391593.6 

1835  Nov.  10.6 

.118 

358.5 

.154 

-20 

3711.!) 

1S41  Aug.  28.9 

.096 

344.3 

.147 

-15 

5843.3 

1847  June  30.3 

.085 

321.8 

.137 

-10 

239.7991.5 

1853  May    17.5 

.090 

297.9 

.126 

—   5 

2400154.7 

1859  Apr.  19.7 

.108 

279.7 

.118 

0 

2327.0 

1865  .Mar.  31.0 

.135 

273.0 

.115 

+  5 

4499.3 

1871  Mar.  12.3 

.162 

279.7 

.US 

+  10 

6662.5 

1S77  Feb.    11.5 

.180 

297.9 

.126 

+  15 

240  8810.7 

1882  Dec.   30.7 

.185 

321.8 

.137 

+20 

2410942.1 

1888  Oct.    31.1 

.174 

344.3 

.1  17 

+  25 

3060.5 

1894  Aug-  19.5 

.152 

35S.1 

.154 

+30 

2415173.2  = 

=  19(10  June    2.2 

0.124 

359.9 

0.155 

Whether  the  empirical  theory  here  presented  corresponds 
to  a  real  natural  law  can  only  be  settled  by  future  obser- 
vation. It  will  be  noted  that  the  amplitude  of  the  428d-term 
will  decrease  during  the  next  few  years  by  an  amount  which 
ought  to  be  appreciable  from  exact  observation.  The  posi- 
tive deviation  of  the  epoch  of  the  same  term  will  also  sen- 

Cambridge,  1894  J/mr  13. 


sibly  diminish.  On  the  contrary,  the  corresponding  values 
for  the  annual  term  will  be  almost  constant,  or  very  slightly 
increase.  If  the  law  thus  developed  by  induction  from 
observation  be  thus  verified,  it  will  serve  as  a  touchstone  in 
the  attempt  to  discover  the  true  dynamical  theory  of  the 
earth's  rotation. 

In  conclusion,  we  are  now  in  a  position  to  improve  the 
table  of  predicted  phases  given  iu  A.J.  307,  (XIII,  162).  If 
we  take  T2  as  the  date  corresponding  to  the  sun's  longitude 
G,  we  have  the  condition  of  the  time  of  a  maximum  or 
minimum  phase  of  the  latitude-variation,  for  a  place  whose 
longitude  is  ).,  ■ 

0r,  sin(t—  2y)0  +0°.985  /■,  sin(t~T.J)  0°.985  =  0 
where      T,'  =  Tx  -  \  ,     Tt'  =  T.2  -  /.. 

V 

Computed  Phases  for  Berlin, 
By  Equation  (52). 


Minimum 
Date         Amplitude 

Maximum 
Date          Amplitude 

Period  from 

1889  Jan.  24     -0.18 

1889  Aug.    5 

+0.24 

Min.        Max. 

392     394 

1890  Feb.  20     -   .27 

1SDO  Sept.     3 

+   .30 

392     395 

1891  Mar.  19      -    .31 

1891  Oct.     3 

+   .31     396     392 

1892  Apr.  18     -  .29 

L892  Oct.  30 

+  .26 

;;;mi     3-.10 

1893  May  13     -   .22 

1893  Xov.  24 

+   .1(1 

382     369 

1894  May  31     -  .10 

1804  Xov.  28 

+  .04 

310     254 

1895  Apr.    5     -  .01 

1895  Aug.    9 

+  .05 

304     376 

1896 Feb.    3     -0.11 

1896  Aug.  19 

+  0.1(1 

LATITUDE-DETERMIXATIOX   AT   THE   SAYRE   OBSERVATORY, 

By  C.  L.  DOOLITTLE. 


The  results  of  a  preliminary  reduction  of  this  series  of 
observations  have  been  given  in  no.  311  of  this  Journal. 
The  work  is  a  continuation  of  that  carried  on  here  in  former 
years,  the  general  results  of  which  may  be  found  in  A. J.. 
no.  274.  It  was  the  intention  to  resume  observations  in 
the  early  spring  of  1892.  A  number  of  minor  improve- 
ments were  to  be  made  in  the  building  and  instrument ; 
among  others,  two  levels  were  to  replace  the  one  formerly 
used.  Owing  to  delays  in  obtaining  tubes  of  the  necessary 
delicacy,  observations  were  first  begun  Oct.  10. 

Both  levels  have  been  read  before  and  after  bisection 
with  the  micrometer,  when  time  permitted;  also  three 
bisections  have  been  made,  in  all  cases.  Oil  lamps  are, 
however,  used  for  illumination,  and  there  are  other  draw- 
backs which  prevent  obtaining  as  small  a  range  as  is  pos- 
sible under  the  best  conditions.  There  is,  however,  a  con- 
siderable improvement  over  the  work  of  former  years. 

The  star-list  is,  in  the  main,  that  employed  in  1889,  90,  — 
the  most  unfavorably  situated  pairs  being  replaced  by  others. 
A  number  of  objectionable  pairs  have  been  retained,  how- 
ever, as  it  was  not  thought  desirable  to  make  many  changes, 


otherwise  the  two  series  would  not  be  directly  compar- 
able. Eleven  groups  were  observed,  embracing  107  pairs. 
Observations  were  carried  on  both  before  and  after  mid- 
night, particular  care  being  given  to  beginning  with  each 
group  as  early  as  possible  in  the  morning  twilight,  and  fol- 
lowing it  as  long  as  possible  in  the  evening,  in  order  to 
obtain  good  connections  between  widely  separated  groups. 
One  of  the  objects  in  view  was  the  accumulation  of  data 
for  a  future  discussion  of  the  constant  of  aberration. 

In  the  adjustment,  as  usual,  the  individual  latitudes 
were  first  reduced  to  the  mean  of  each  group  ;  the  means 
were  formed  from  the  pairs  of  the  old  list  only.  Cor- 
rections were  thus  found  for  reducing  the  declinations 
of  the  new  pairs  to  the  mean  system  of  the  old  ones. 

For  adjusting  the  groups  to  a  common  system  twenty- 
six  differences  of  latitude  were  obtained  from  observations 
covering  the  same,  or  nearly  the  same  times.  Each  ob- 
served difference  furnished  one  equation  for  this  purpose. 

Designating  the  groups  in  order  by  the  Roman  numerals 
the  following  differences  with  the  corresponding  weights 
were  obtained. 
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1 

Wt. 

It 

Wt. 

11  1 

+0.058 

8.89 

V  II 

+  0.175 

L.86 

III-II 

+  .056 

8.43 

VI    1 

+   .mo 

3.68 

IV    1 1 L 

+  ;050 

2.22 

VI    III 

+  .101 

4.92 

V    IV 

+  .072 

2.94 

VII    11 

+   .107 

1.54 

VI   V 

-  .056 

6.29 

VIII-I 

-  .037 

LOS 

VII    VI 

-  .137 

4.01 

vm-in 

+   .053 

2.58 

111    VII 

—  .046 

2.85 

VIII    IV 

-   .17.7 

1.31 

IX    VIII 

+  .042 

3.28 

IX- IV 

+  .035 

1.11 

X    IX 

-  .099 

4.67 

[X-V 

+  .155 

1.1  1 

XI    X 

+   .17.-. 

1.35 

X-II 

-  .226 

1.75 

I    XI 

-  .052 

6.66 

X-V  I 

-  .((44 

3.00 

IV-  1 

+  .100 

L.49 

XI-III 

-  .('71 

2.32 

V  1 

-0.021 

2.00 

XI  VII 

+0.036 

1.90 

These  values  are  aot  all  strictly  independent;  for  ex- 
ample take  III  and  IV-I.  some  of  the  observations  upon 
I  enter  into  both  determinations,  and  similarly  in  other 
cases.  This  lias  not  been  taken  into  account  in  the  assign- 
ment of  weights. 

The  twenty-six  equations  resulting  from  these  observed 
differences  give  by  a  least-square  solution  the  following: 


II-I 
III-II 

IV-I  1 1 
V-1V 
VI-V 
VII-VI 


+0.0165 
+  .0278 
+  .0412 
+  .0306 
_  .0186 
-0.057  I 


viii-vn 

IX-VIIl 
X-1X 
XI-X 
I -XI 

Sum 


-0.0178 
+   .0627 

-  .1399 
+   .1175 

-  .0620 
0.0000 


Adding  these  quantities,  term  by  term,  changing  sign, 

and   increasing  each  by  0.051*  to  make  the  mean  of  the 

*  This  should  have  been  0.04".     The  error  was  not  discovered  until 
after  the  corrections  had  been  applied.     It  is  not  important. 

Daily  Means 

<r  =  40° 


corrections  zero,  we  have  the  following  as  the  quantities  to 

l.e  added  t<>  the  latitude  deduced  from  eaeh  group,  to  reduce 
it  to  the  mean  of  all. 


I 

+  0.051 

VII 

+  0.011 

11 

+  .035 

VIII 

+     .01".  1 

III 

+   .0(17 

IX 

-   .033 

IV 

-   .034 

X 

+  .106 

V 

—  .065 

XI 

-0.011 

VI 

—0.046 

In  the  tabular  statement  which  follows,  these  corrections 
have  Keen  applied. 

The  probable  error  of  a  single  observed  latitude  deduced 
from  observations  from  December  1892  to  April  1893,  is 


Winter 

1893  May- Aug. 

Summer 


P.M.  366  observations  ;•  =  0.206 

A.M.  303  ••  r  =  0.226 

P.M.  403  observations  ;■  =  0.178 

A.M.  212  "  r  =  0.193 

As  was  to  be  expected,  the  observations  taken  in  summer 
are  better  than  those  of  winter,  and  the  evening  observa- 
tions are  better  than  those  of  the  morning.  In  fact,  on 
winter  mornings  the  conditions  were  frequently  so  bad  as 
to  raise  grave  doubts  whether  observations  so  made  were 
of  any  value  whatever.  The  choice  was  often  between  the 
alternatives  of  making  observations  under  bad  conditions 
or  not  at  all,  clear  mornings  being  rare  occurrences  for 
weeks  in  succession. 

The  daily  means  given  in  the  accompanying  tabular 
statement  will  require  no  farther  explanation. 

of  Latitude. 
36'  20"+ 


Date 

P.M. 

Obs. 

A.M. 

Obs. 

Date 

P.M. 

Obs. 

A.M. 

Obs. 

Date 

P.M. 

Obs. 

A.M. 

Obs. 

1892  Oct.    10 

3.11 

5 

II 

3.22 

9 

1892  Dec.   11 

* 

a 

3.24 

12 

1893  Feb. 

3 

II 

3.00 

9 

11 

3.29 

11 

2.98 

8 

12 

3.11 

14 

4 

2.79 

16 

3.21 

10 

14 

3.15 

12 

3.28 

11 

15 

3.24 

3 

S 

3.19 

13 

16 

3.18 

16 

17 

3.02 

15 

11 

3.11 

13 

19 

3.36 

11 

3.11 

17 

18 

2. OS 

11 

14 

3.11 

12 

21 

3.42 

11 

3.25 

18 

20 

2.92 

11 

15 

2.00 

7 

3.14 

11 

23 

3.34 

9 

3.26 

5 

22 

3.02 

2 

16 

2.06 

11 

24 

3.18 

5 

23 

3.07 

8 

20 

2.77 

20 

30 

3,03 

14 

2.00 

12 

25 
26 

3.03 

15 

3.19 

8 

24 
25 

2.79 

6 

2  7S 

8 

Nov.    5 

3.08 

8 

27 

3.13 

14 

3.06 

12 

26 

2.96 

20 

3.24 

11 

.      8 

3.16 

12 

28 

2.93 

18 

2.07. 

9 

11 

3.41 

11 

Mar. 

1 

2.84 

14 

2.83 

10 

13 

3.16 

15 

3.20 

11 

1893  Jan.     3 

2.93 

10 

6 

2.07 

16 

16 

3.15 

13 

7 

2.86 

5 

7 

2.91 

15 

2.81 

4 

17 

2.97 

11 

3.66 

4 

13 

3.10 

11 

13 

3.13 

14 

3.13 

6 

22 

3.01 

11 

16 

3.11 

11 

16 

3.02 

7 

26 

3.16 

13 

17 

3.11 

12 

17 

3.15 

8 

19 

2.94 

12 

18 

2.87 

21 

3.11 

8 

Dec.     1 

2.95 

13 

20 

2.S7 

7 

21 

3.08 

5 

2 

3.13 

11 

21 

2.83 

18 

27 

2.94 

20 

2.07 

7 

3 

2.SS 

15 

23 

3.12 

9 

28 

2.70 

20 

2.92 

8 

5 

3.00 

14 

3.34 

12 

25 

2.0  7 

18 

29 

3.03 

21 

3.22 

7 

9 

3.56 

8 

26 

3.07 

18 

10 

3.01 

15 

Apr. 

2 

2.89 

17 
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Date 

P.M. 

Obs. 
6 

A.M. 

Obs. 

Date 

P.M. 

Obs. 

A.M. 

Obs. 

Date 

P.M. 

Obs. 

A.M. 

(  lbs. 

1893  Apr.    4 

3.05 

2.71 

9 

1893  Jul  v  11 

2.8.-. 

12 

it 

1893  Oct.      2 

a 

3*24 

7 

16 

3.06 

11 

16 

3.18 

9 

:; 

3.20 

11 

17 

3.15 

11 

17 

3.06 

11 

.",.29 

12 

4 

3.07 

9 

is 

3.09 

in 

18 

2.S7 

S 

3.17 

11 

8 

3.19 

8 

23 

3.09 

6 

19 

3.03 

11 

3.28 

i;; 

9 

3.05 

9 

24 

2.7.-. 

19 

2(1 

3.14 

16 

14 

3.20 

17 

25 

2.96 

2 

2.72 

8 

23 

3.24 

16 

17 

3.38 

IS 

28 

2.81 

17 

27 

2.99 

18 

IS 

3.16 

17 

29 

3.10 

IS 

20 

3.37 

6 

3.03 

9 

May     6 

2.85 

14 

2.95 

9 

30 

3.12 

n; 

21 

3.27 

5 

:;..-,:! 

9 

7 

2.98 

15 

3.07 

s 

2  1 

3.20 

IS 

3.20 

11 

S 

2.81 

15 

Aug.     2 

3.33 

8 

30 

3.45 

9 

9 

2.SS 

17 

•  > 

2.99 

16 

8.84 

9 

31 

3.31 

is 

3.21 

11 

10 

3.01 

19 

f, 

3.28 

in 

11 

3.08 

10 

7 

3.45 

•> 

:;.2:; 

Id 

Nov.    3 

;;.i7 

0 

12 

2.S7 

14 

s 

3.20 

IS 

3.19 

1(1 

0 

3.30 

IS 

3.39 

11 

19 

3.02 

16 

3.05 

11 

9 

3.03 

IS 

3.24 

10 

10 

3.32 

19 

3.42 

12 

31 

3.06 

13 

10 

3.13 

10 

11 

1.-. 

3.31 
3  2  1 

10 
IS 

3.39 

:;.ic, 

12 

10 

Juno    7 

3.01 

12 

3.30 

12 

Sept.    2 

3.23 

17 

3.13 

9 

10 

3.32 

19 

8 

2.95 

18 

3.13 

11 

8 

3.23 

16 

3.31 

5 

26 

3.19 

19 

9 

3.00 

17 

3.19 

13 

6 

3.10 

17 

30 

3.24 

IS 

11 

2.93 

14 

3.12 

•> 

8 

.-,11 

17 

3.18 

10 

18 

2.97 

18 

9 

3.19 

16 

Dec.     1 

3.19 

IS 

3.32 

5 

1 1 

3.00 

in 

12 

3.11 

14 

.) 

3.12 

10 

17 

3.23 

1  1 

16 

3.16 

11 

6 

3.24 

l(> 

20 

3.06 

14 

17 

3.19 

6 

i 

3.24 

10 

3.38 

7 

23 

:;.<>* 

15 

3.07 

8 

19 

3.14 

6 

10 

3.1  l 

10 

3.19 

10 

24 

3.08 

14 

2D 

3.25 

14 

12 

2.91 

9 

28 

3.25 

14 

21 

3.13 

12 

13 

3.13 

10 

3.48 

6 

30 

3.01 

1  1 

23, 

27 

3  22 

16 

3.26 

16 

17 
20 

3.24 

1 

10 

3.36 

9 

July     2 

3.19 

18 

28 

3.32 

13 

2;; 

2.  so 

8 

0 

3.30 

12 

29 

3.10 

17 

.■',.2.-. 

S 

24 

3.14 

10 

3.09 

10 

7 

3.05 

9 

30 

3.38 

18 

3.46 

8 

2.". 

2.81 

10 

3.22 

7 

9 

8.14 

19 

3.19 

18 

26 

3.20 

10 

."..20 

9 

10 

3.11 

19 

3.29 

11 

Oct.      1 

3.14 

16 

3.38 

9 

27 

3.06 

9 

Combining'  these  for  the  same  periods  as  those  of  the  preliminary  values  (A.J.  311),  we  have 


P.M. 

No. 

A.M. 

No. 

A(.VM-fl'M) 

(AM-I'M) 

P.M. 

59 

A.M. 

No. 

4(am+pm) 

(am-pm) 

1892 

Oct.    10-Oct.   2  1 

3.283 

0  1 

3.183 

84 

3.233 

-0.100 

May  19-June    8 

."..no;, 

3*166 

:;i 

:;.o,s/, 

+  0.10,1 

Oct.  30-Nov.  17 

3.137 

71 

3  L59 

10 

3.1  is 

+    .022 

June    9-June20 

2.990 

63 

3.151 

39 

8.070 

+    .161 

Nov.  20   Dr.-.     :, 

2.985 

.-.(', 

3.173 

36 

.".079 

+   .188 

June23-June30  3.081 

29 

3.115 

36 

3.098 

+    .08  1 

Dec.    9-Dec.  26 

3.031 

63 

.".10  1 

59 

3.097 

+   .133 

July    2- July  20  3.081 

132 

3.251 

72 

3.166 

+   .170 

Dec.  27-Jan.  13 

3.039 

43 

2.900 

36 

3.002 

-   .073 

July  25-Aug.  1o 

3.(180 

loo 

3.244 

83 

8.102 

+   .164 

1803 

Jan.  16-Jan.  26 

."..oil 

so 

2.914 

19 

".90  1 

-   .loo 

Sept.    2-Sept.21 

3.161 

los 

.".ISO 

62 

3.173 

+    .02.-, 

Feb.     3-Feb.  16 

2.90  1 

IS 

3.086 

54 

.".040 

+   .092 

Sept.25  Oct.     9 

3.225 

91 

3.235 

.4 

8.280 

+    .olo 

Feb.  20-Mar.    7 

2.884 

01 

•'.O.V 

:;:: 

2.918 

+   .068 

<  let.    1  1   Oct.   30  .".211 

SI 

3.298 

38 

3.271 

■f   .054 

Mar.  13-Mar.  21 

2.991 

47 

3.130 

22 

3.060 

+   .139 

Oct.  31-Nov.  10  3.289 

120 

3.320 

56 

3.304 

+   .031 

Mar.  27-Apr.    4 
Apr.  16- Apr.  28 
May    6-May  12 

".o".-. 

SI 

2.936 

:i1 

2.931 

+   .011 

Nov.  26-Dec  18 

8.174 

110 

.".209 

38 

3.221 

+   .095 

2.S1S 

2.903 

19 
94 

3.025 

3.033 

35 

27 

2.936 

2.96S 

+    .177 
+  0.130 

Dec.  20-Dec.  27 

:;.o.-.6 

49 

3.199 

44 

3.127 

+0.143 

Total                 1744               1052 

+  0.075 

The  systematic  difference  between  the  morning  and  even- 
ing values  is  very  marked.  This  is  presumably  due,  in 
part  at  least,  to  the  employment  of  too  small  a  vahte  for 


the  constant  of  aberration,  viz  :  Stki  \  i;'s.  We  m;i\  obtain 
a  rough  idea  of  the  correction  indicated,  by  comparing  this 
value  with  the  total  correction  for  alienation  — the  terms 
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Cc'+Dd'  in  the  reduction  to  apparent  place.     The  mean 
values    in  this  case  are,  for 


Morning, 
Evening, 
Difference, 
Bethlehem,  Pa.,  1894  June  11. 


Cc'+Dd1  =  -10.00 

+   9.15 

19.15 


Dividing  the  above  quantity  0.075  by  this  difference  it 
indicates  an  increase  of  Stbi  \  e's  constant  by  the  amount 
0.0039  x  20.445  =  0.080,     giving  a  value  20".625. 

As  it  is  the  intention  to  deduce  from  my  observations  a 
value  of  this  constant,  this  subject  will  not  be  pursued 
further  at  present. 


STOSPOT   OBSERVATIONS, 

MADE   AT   PHILADELPHIA,    PENX.,    WITH   A   44-INCH    REFBACTOB, 

By  A.  \Y.  QUIMBT. 


1894 

rime 

Sew 

tips. 

1 

To 
Gps. 

8 

lal 

Spots 

far. 

.  re. 

Def. 

1894 

„     1 

rime 

2 

Sew 

3p9. 

To 
Gps. 

2 

tal 
Spots 

rac. 

jlrs. 

Def. 

1894      ' 

I 

rime 

Sew 

3ps. 

Total       |Fac. 
Gps.l  Spots  Grs. 

Del. 

Jan.    2 

11 

38 

3 

poor 

Feb.  26 

8 

_ 

v.  poor 

Apr.  19 

11 

2 

5 

37 

3 

faii- 

3 

2 

1 

5 

26 

2 

poor 

27 

12 

2 

8 

40 

i 

poor 

20 

10 

- 

5 

42 

3 

fair 

4 

12 

_ 

5 

26 

2 

poor 

28 

10 

- 

7l 

40 

i 

poor 

21 

9 

- 

5 

33 

3 

faii- 

5 

10 

2 

6 

25 

2 

poor 

Mar.  1 

10 

— 

4  1 

20 

3 

fair 

22 

9 

4 

9 

96 

3 

fair 

G 

10 

_ 

5 

19 

2 

poor 

2 

10 

1 

5 

13 

5 

fair 

23 

8 

- 

9 

124 

4 

good 

7 

4 

_ 

1 

3 

_ 

v.  poor 

3 

9 

_ 

4! 

5 

5 

poor 

21 

8 

1 

9 

106 

4 

good 

8 

10 

_ 

4 

22 

_ 

v.  poor 

4 

9 

4 

7 

12 

7 

faii- 

25 

"8 

- 

8 

98 

3 

faii- 

12 

9 

3 

4 

36 

2 

pooi- 

5 

9 

- 

5 

13 

5 

poor 

26 

8 

2 

9 

105 

4 

good 

13 

10 

1 

5 

34 

2 

poor 

6 

9 

— 

5 

23 

5 

fair 

27 

8 

- 

7 

96 

3 

good 

14 

10 

2 

7 

55 

3 

poor 

7 

9 

- 

4 

25 

2 

faii- 

28 

7 

- 

9 

72 

2 

good 

15 

9 

1 

7 

42 

1 

poor 

8 

8 

2 

5 

18 

2 

poor 

29 

7 

- 

10 

52 

3 

faii- 

16 

9 

1 

7 

31 

— 

poor 

9 

8 

- 

3 

17 

2 

poor 

30 

7 

1 

10 

54 

3 

fair 

17 

2 

2 

9 

60 

3 

poor 

10 

12 

1 

5 

37 

2 

poor 

May   1 

7 

1 

10 

54 

3 

faii- 

19 

11 

2 

11 

52 

4 

poor 

12 

12 

- 

4 

21 

- 

poor 

2 

6 

- 

10 

37 

4 

poor 

20 

10 

_ 

11 

65 

2 

fair 

13 

8 

- 

4 

16 

1 

poor 

3 

6 

- 

9 

44 

2 

poor 

21 

9 

_ 

9 

14 

- 

v.  poor 

14 

9 

- 

6 

43 

3 

good 

4 

4 

1 

9 

30 

3 

poor 

22 

9 

— 

9 

19 

2 

poor 

15 

9 

- 

6 

22 

3 

poor 

5 

3 

- 

8 

34 

2 

poor 

23 

12 

3 

10 

48 

2 

good 

16 

2 

- 

4 

11 

4 

faii- 

6 

8 

- 

6 

30 

2 

poor 

24 

12 

1 

11 

43 

2 

poor 

17 

9 

- 

4 

6 

4 

poor 

7 

8 

- 

8 

75 

2 

faii- 

25 

12 

_ 

11 

73 

2 

fair 

18 

8 

- 

3 

3 

4 

poor 

8 

7 

1 

9 

73 

3 

taii- 

26 

10 

_ 

8 

80 

2 

fair 

19 

8 

- 

2 

o 

2 

poor 

9 

7 

1 

9 

54 

5 

faii- 

27 

2 

_ 

5 

66 

3 

fair 

20 

3 

2 

3 

11 

3 

fail- 

10 

7 

- 

8 

48 

5 

fair 

28 

10 

_ 

5 

55 

4 

poor 

22 

9 

1 

3 

26 

3 

fair 

11 

7 

- 

5 

:;i 

2 

poor 

30 

2 

_ 

4 

13 

1 

v.  poor 

23 

9 

2 

5 

31 

3 

faii- 

12 

7 

o 

7 

58 

3 

fail- 

31 

10 

_ 

4 

9 

_ 

v.  poor 

24 

8 

- 

4 

20 

3 

taii' 

13 

8 

- 

4 

59 

5 

fair 

Feb.    1 

9 

1 

4 

19 

_ 

poor 

26 

9 

2 

5 

25 

3 

faii- 

14 

7 

2 

5 

106 

3 

faii- 

2 

9 

1 

6 

65 

2 

fair 

27 

9 

_ 

4 

28 

4 

fair 

15 

9 

1 

6 

187 

3 

tair 

5 

10 

1 

5 

25 

2 

poor 

28 

9 

2 

7 

57 

5 

faii- 

16 

7 

- 

5 

154 

3 

faii- 

6 

12 

1' 

6 

42 

3 

poor 

29 

5 

- 

5 

24 

2 

poor 

17 

7 

1 

6 

106 

•_» 

poor 

7 

4 

1 

7 

67 

2 

fair 

30 

8 

— 

7 

62 

4 

faii- 

18 

4 

2 

10 

178 

2 

faii- 

8 

11 

1 

6 

42 

4 

poor 

31 

9 

1 

6 

100 

3 

fair 

19 

9 

1 

11 

166 

4 

fair 

10 

9 

2 

7 

67 

2 

good 

Apr.    1 

9 

- 

4 

60 

2 

poor 

23 

10 

1 

6 

106 

2 

fair 

11 

9 

_ 

8 

38 

3 

fail- 

2 

9 

- 

5 

95 

3 

faii- 

24 

9 

1 

7 

48 

2 

poor 

13 

4 

_ 

6 

24 

_ 

poor 

3 

9 

- 

5 

84 

2 

tair 

25 

8 

- 

7 

46 

2 

poor 

14 

3 

1 

7 

23 

2 

poor 

5 

8 

5 

10 

75 

3 

good 

26 

8 

- 

6 

28 

2 

fair 

15 

■  2 

2 

8 

25 

3 

poor 

6 

9 

- 

9 

98 

2 

fair 

27 

8 

- 

6 

26 

2 

faii- 

16 

10 

_ 

8 

37 

5 

good 

7 

8 

- 

7 

80 

2 

faii- 

28 

7 

3 

9 

30 

4 

fair 

17 

9 

7 

21 

3 

poor 

8 

2 

- 

6 

84 

2 

fair 

29 

8 

- 

8 

42 

3 

faii- 

18 

9 

1 

7 

42 

3 

faii- 

9 

9 

1 

6 

74 

3 

fail- 

30 

5 

1 

8 

40 

2 

fair 

19 

2 

3 

9 

78 

3 

fair 

12 

9 

- 

3 

40 

2 

poor 

31 

12 

- 

7 

11 

2 

poor 

20 

10 

8 

128 

3 

fail- 

13 

9 

- 

2 

57 

3 

poor 

June  1 

8 

1 

9 

33 

2 

faii- 

21 

11 

1 

9 

110 

3 

fair 

14 

8 

2 

1 

89 

6 

good 

2 

8 

- 

9 

24 

1 

poor 

22 

9 

7 

102 

2 

faii- 

15 

■  8 

- 

3 

43 

4 

faii- 

o 
O 

8 

- 

10 

41 

2 

good 

23 

10 

6 

67 

2 

poor 

16 

8 

- 

3 

18 

3 

fair 

4 

7 

3 

10 

40 

2 

faii- 

24 

in 

1 

7 

43 

2 

poor 

17 

8 

- 

3 

18 

o 

o 

fair 

5 

5 

1 

9 

54 

2 

poor 

25 

10 

- 

7 

48 

2 

poor 

18 

8 

~ 

3 

21 

3  |  fair 

7      7 

1 

8 

86 

2 

fair 
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1894 

Time 

New 
Gps. 

Total 
Gps.  Spots 

Fac. 
Gr*. 

Def. 

1894 

Time 

N  v  w 

Total 

Gps.  Spots 

Fac. 

Gr-. 

Def. 

1894 

Time 
8 

New 
Gps. 

1 

Total 
■           spots 

Fac. 
Grs. 

Def. 

June  8 

7 

7 

53 

3 

faii- 

June  16 

7 

S 

68 

2 

fair 

June  2 1 

s 

25 

•■; 

faii- 

9 

7 

1 

8 

85 

3 

good 

17 

7 

8 

'.'7 

3 

faii- 

25 

8 



6 

16 

3 

faii- 

10 

8 

1 

9 

102 

4 

fair 

18 

7 



8 

136 

3 

good 

26 

8 

1 

6 

34 

1 

good 

11 

8 

- 

6 

97 

2 

good 

19 

s 

1 

7 

155 

3 

good 

27 

8 

_ 

6 

16 

1 

fair 

12 

8 

1 

8 

105 

3 

good 

20 

7 

l 

7 

L20 

4 

good 

28 

_ 

_ 

6 

34 

1 

fair 

13 

5 

1 

9 

66 

2 

poor 

21 

7 

_ 

7 

106 

3 

good 

29 

_ 

— 

6 

38 

3 

i  aii- 

14 

i 

- 

9 

67 

3 

poor 

.,•. 

7 

_ 

7 

82 

4 

good 

30 

12 

_ 

6 

34 

2 

fair 

15 

7 

- 

9 

80 

2 

poor 

23 

7 

3 

8 

65 

4 

good 

OBSERVATIONS   OF   COMETS, 

HADE    WITH    THE    16-IXCU    EQUATORIAL    AND    FII.AK    MICBOMETEB    "F    GOODSELL    OBSEBVATOBY,    AT   XORTHFIELD,    MINX., 

l'.v  H.  C.  WILSON. 

[Communicated  by  Wm.  \V,  Payne,  Director.] 


l-'.'l  Northfield  M.T. 

* 

No. 
Comp. 

#- 
Ja 

-* 

jS 

6/ s  apparent 

s 

logpA 

for  a       1     for  6 

•   "MET  a 

1894  (Denning). 

ll        111          s 

m        s 

'            •                    ll         111          s 

o 

Apr.  23 

10  53  37 

1 

9,4 

-3  40.44 

+  5  57.6 

11   1.3  17.77. 

+  18     6  59.2 

9.309 

O.014 

25 

9  53  51 

2 

9  ,  6 

+  2  36.94 

-o  58.7 

11  17  17.69 

+  17   17  48.2 

9. i 

0.608 

27 

9  32  40 

3 

11  ,  6 

-0  10.96 

-4     8.1 

11  21  15.62 

+16  i".)  13.8 

8.8.37 

O.017 

May     3 

10  15  49 

4 

10,  6 

-0     0.64 

-2  50.4 

9.227 

0.658 

Comet  /<  1894  (Gale). 

May     3 

9     7  20 

5 

9  ,  6 

-0  47. 90 

+  1  31.6 

9     7  20 

6 

9,6 

-1  42.41 

-2  25.6 

8  20  22.38 

-   6     6     6.1 

9;534 

0.815 

16 

9  31  30 

7 

9,6 

+  ii  52.46 

+  4     6.6 

10     2  21.61 

+  27  22  11.8 

9.54] 

0.544 

9  31  30 

8 

9  ,  6 

+  0  L0.64 

+3  13.5 

10     2  21.37 

+  27  22  11.3 

24 

9     8  59 

9 

9,  6 

+  1  53.x  1 

-1  16.6 

10  37  58.75 

+35     2  52.4 

9.524 

0.359 

9     S  59 

10 

6  .  6 

+0  24.60 

-1  11.9 

10  37  58.99 

+  .35     2  51.3 

30 

9  45     8 

11 

9,  6 

-2  -is. hi; 

-4  57.2 

10  58   14.57 

+38  15  34.8 

9.617 

0.370 

June    4 

10  56     8 

12 

9,  6 

+  0  47.52 

-2  28.8 

11  12  32.1  1 

+40     2     6.5 

9.726 

0.491 

5 

11  17     0 

13 

9,  6 

-0  3.3.40 

—  5  53.7 

11  15  11.55 

+  4(1  19     1.8 

9.728 

0.561 

7 

11   12  47 

14 

9,  6 

-0  10.43 

+3  11.0 

11  20  14.09 

+  40  49  10.2 

9.730 

0.553 

19 

10     3  37 

15 

6,4 

-4     1,1:; 

+  6     5.0 

11  4G  55.23 

+  42  42  .35.1 

9.707 

0.407 

22 

10  12  44 

16 

9,  5 

-0  4.5.71 

-5  21.0 

11  52  56.96 

+  42  58     8.5 

9.722 

0.444 

Mean  Places  for  1894.0  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

S 

app.  place 

Authority 

c        '         a 

s 

1 

11   10  56.33 

+1.86 

+  18     1     6.6 

-.5.0 

Yamall  4846,  Or.  10-year,  Brussels  4678 

0 

11   14  38.91 

+  1.S4 

+  17  18  51.8 

-1.9 

AV    V..-*<iil   Yl    •,°.".      Lalande  givei                    ndsof 

3 

11  21  24.74 

+  1.84 

+  16  33  27.3 

-5.4 

W.  Bessel  XI.  .3.54 

4 

11  .32  40 

+  1.77 

+  14  10 

-6.0 

DM.  14°2414 

5 

8  21     9 

-   6     8 

DM.  -6=2.591 

6 

8  22     4.30 

+  0.49 

-   6     3  37.3 

-3.2 

Karlsruhe  Observations  1885 

7 

10     1  27.79 

+  1.36 

+  27  18     1.0 

+  4.2 

W.  Bessel  IX,  1266 

8 

10     2     9.37 

+  1.36 

+  27  18  53.6 

+  4.2 

W.  Besse]  IX.  1287,8 

9 

10  36     3.32 

+  1.62 

+35     4     3.6 

+5.4 

B.B.  VI,  35°2174 

10 

10  37  32.70 

+  1.63 

+35     3  58.1 

+  5.3 

W.  Bessel  X.  719 

11 

11     1     0.89 

+  1.74 

+38  20  26.3 

+  5.7 

B.B.  VI.  38°2210 

12 

11  11  42.85 

+  1.77 

+  40     4  29.4 

+  5.9 

W.  Besse]  XI.  168 

13 

11  15  43.16 

+  1.79 

+40  24   49.7 

+  .5.8 

W.  Bessel  XI.  243 

14 

11  20  22.70 

+  1.82 

+  40  4.5  53.5 

+  5.7 

W.  Bessel  XI.  336 

15 

11  50  54.82 

+  1.84 

+  42  36  24.8 

+  .5.4 

Lalande  22488 

16 

11  53  40.8.5 

+  1.82 

+43     3  24.1 

+  .5.4 

B.P..  VI,  43°2172 

SI) 
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REMARKS. 


April  25.  There  is  an  oncertaintj  of  •"'"'  in  the  time  of  iliis  obser- 
vation. The  marking  of  the  chronograph  sheet  ;it  the  end  of  the 
observation  would  make  the  time  ">"'  earlier. 

A | nil  l'T.    Comet  very  faint  :  observation  difficult. 

Ma\  ;;.     Denning' s  comet  exceedingly  faint;  near  an  IP1  star. 


May  24.  Searched  carefully  in  the  place  of  Denning' s  comet  with 
clear  sky,  but  could  not  see  it. 

Gale's  comet  lias  in  all  the  observations  been  an  easy  object  for 
micrometrlc  measurement,  having  a  well-defined,  almost  stellar  nu- 
cleus 11)1  In  the  last, 


Ephemeris  foe  Berlin  Midnioiit. 


June  27 

29 

July    1 

3 

5 

7 

9 

11 

13 

15 


App.  a 

li       in       s 

19     6  22 

1  29 

2  36 
19  0  41 
is  58    15 

56  50 
54  56 
53  2 
51  11 
18  49  22 


App.  8 


3.6 
6.7 
10.5 
14.9 
19.9 
25.5 
31.8 
:;s.6 


-5 
-5 
-5 
-5 
-5 

—  5 
-5 
-5 
-5  45.9 

—  5  53.7 


log  r 

0.4383 
0.4386 
0.4389 
0.4391 

0.4394 
0.4397 

0.4400 
0.4402 
0.4405 

0.4407 


log  A 

0.2479 
0.2468 
0.2404 
0.2463 
0.2464 
0.2407 
0.2474 
0.2483 
0.2494 
0.2508 


App.  a 


July  17 
19 


is 


EPHEMERIS   OF    CI1ALDAEA  (313), 

\\\    LEWIS   BOSS. 
This  ephemeris  is  computed  from  the  elements  of  Mr. 
Berberich  as  given  in  the  Berliner  Jahrbuch   for  1896. 
From  an  observation  at  Albany,  June  28.5,  the  correction 
required  l>\  the  ephemeris  on  thai  date  was: 
Ja  =  +1"'  438.0 ;     JS  =  +  2'  18". 
The  opposition  occurs  July  5,  and  the  magnitude  given 
by  the  Jahrbuch  for  that  epoch  is  ll".l.     The  planet  ap- 
pears to  be  somevi  b.a1  fainter  than  this. 


Aug. 


21 
23 
25 

27 
29 
31 
2 
4 
6 
8 

10 

12 
14 
16 
18 
20 
22 
24 
26 
28 


47  36 
45  51 

II  10 
42  33 
41  0 
39  31 
38  6 
36  46 
35  37 
34  23 
33  20 
32  22 
31  31 
30  45 
30  6 
29  33 
29  5 
28  44 
28  30 
28  21 
28  18 
18  28  22 


EPHEMERIS   OF 

Rev.  G.  M. 

As  the  observations  in  June  show  very  little  correction 
to  the  ephemeris  given  in  A.J.  319,  it  is  continued  as  fol- 
lows : 


El'HEMERIS    FOR    GREENWICH    MlDNIGHT. 


1894 

July  11.5 
12.5 
13.5 
I  1,5 
15.5 
16.5 
17.5 
18.5 
19.5 


li        in       s 

12  25  24 
26  44 

28  2 

29  19 

30  34 

31  48 

33  1 

34  12 
12  35  23 


8 

+  40° 
40 
40 
39 
39 
39 
39 
38 

+  38 


52.5 

34.6 
17.0 
59.8 
43.0 
26.6 
10.5 
54.8 
39.5 


log  A     Brightn. 
0.3041 


.3191 

.3334 

.3470 

0.3600 


0.06 


0.05 


COMET  b  1894, 

SEARLE. 

1894  a 


July  20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
1.5 
2.5 


12  36  33 

37  42 

38  50 

39  57 
41 
42 
43 
44 


3 

9 

14 

18 


Aug. 


45  22 

46  25 
17  28 

48  30 

49  32 

50  34 


App.  8 


-9 


2.1 

10.8 
20.1 
29.7 
39.6 
50.0 

0.6 
11.5 
22.6 
34.0 
45.5 
57.2 

9.0 
20.8 
32.8 
44.7 
56.7 

8.6 
20.5 
32.4 
44.2 
55.8 


logr 

0.4410 
0.4412 

o.lll  1 
0.4417 
0.4419 
0.4421 
0.4423 
0.4426 
0.4428 
0.4430 
0.4432 
0.4434 
0.4436 
0.4438 
0.4440 
0.4442 
0.4444 
0.4446 
0.4447 
0.4449 
0,1  151 
0.4452 


-38 
38 
37 
37 
37 
37 
37 
36 
36 
36 
36 
36 
35 

-35 


24.6 
10.0 
55.8 
41.9 
28.3 
15.1 

2.2 
49.5 
37.1 
25.0 
13.1 

1.5 
50.1 
38.9 


log  A 

0.2525 
0.2544 
0.2565 
0.2588 
0.261  1 
0.2642 
0.2072 
0.2704 
0.2737 
0.2773 
0.2810 
0.2848 
0.2888 
0.2930 
0.2972 
0.3015 
0.3060 
0.3105 
0.3151 
0.3198 
0.3245 
0.3293 


log  A     Brightn. 


0.3726 
.3847 
.3964 

.4076 

.4185 

.4291 

0.4394 


o.oi 


0.03 


mi:; 


0.02 


CONTEXTS. 
On  the  Inequalities  in  the  Coefficients  of  the  Law  of  Latitude-Variation,  by  Dr.  S.  C.  Chandler. 
Latitude-Determination  at  the  Sayre  Observatory,  by  Prof.  C.  L.  Doolittle. 
Stjnspot  Observations,  by-  Rev.  A.  W.  Qtjimby. 
Observations  of  Comets  a  and  b  1894,  by-  Dr.  H.  C.  Wilson. 
Ephemeris  of  Ciialdaea  (313),  by  Prof.  Lewis  Boss. 
Ephemeris  of  Comet  b  1894,  by  Rev.  G.  M.  Searle. 
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VARIATION    OF   LATITUDE  AT    SAN  FRANCISCO,   1891-1892,    ACCORDING    TO 
OBSERVATIONS  OF   PROF.  GEORGE  DAVIDSON. 

Letteb  from  T.  C.  MENDENHALL,  Superintendent  U.S.  Coast  ant.  Geodetk    Si  bvey. 


It  gives  ine  much  pleasure  to  be  able  to  send  you  the 
results  for  variation  of  latitude  at  the  third  and  last  station 
occupied  by  this  office,  with  a  view  of  further  elucidating 
tli is  phenomenon.  Full  publication  lias  been  made  for  the 
stations  Waikiki,  near  Honolulu,  and  Rockville,  mar  Wash- 
ington, D.C.,  in  Appendices  Nos.  1  and2of  Report  for  1892. 
I  now  send  you  an  account  in  abstract  form  of  the  results 

reached  from  thi n  of  a  very  extensive  series  of 

observations  made  by  Talcott's  method  at  San  Francisco, 
California.  These  observations  comprise  no  less  than  6768 
individual  latitude  results,  and  are  due  to  the  perseverance 
oi  Assistant  George  Davidson'. 

This  extensive  work  was  commenced  May  '27.  ls*.)l.  and 
terminated  August  19,  1892.  Mr.  Davidson  used  two  in- 
struments, the  first  a  zenith-telescope  of  old  form  (aperture 
oi  telescope  8]  cm.),  to  which,  later  on,  two  levels  were  sup- 
plied; the  second  a  zenith-telescope  improved  and  similar  to 
that  used  at  Rockville  (aperture  71,- cm.'),  also  supplied  with 
new  levels.  The  place  occupied  is  south  of  the  Golden  (..it.  . 
in  latitude  37°  17'  28".3,  and  in  longitude  122'  25'  12",  or  8" 
9  12*.8  W.  oi  Greenwich,  and  is  elevated  115.6  metres  above 
the  mean  sea  level.  The  values  of  the  micrometer-screws 
of  these  instruments  were  very  carefully  determined.  For 
the  first  instrument  12  series  of  observations  on  circumpolar 
stars  gave  the  result,  1  turn=100div's=47".596  ±o".008; 
and  15  series  of  observations  for  the  second  instrument 
gave  1  turn  =  100  div's  =  17".636  ±0".005.  The  inequali- 
ties of  these  screws  were  earet'ully  investigated,  and  cor- 
rections to  the  reading-  were  applied  for  irregularity  in 
whole  turns,  ami  for  periodic  inequality  in  fractional  parts. 
It  is  well  km.wn  that  the  climatic  conditions  at  this  place 
an-  very  unfavorable  tor  accurate  work,  and  this  is  shown 
by  the  fact  that  the  probable  error  of  observation  for  lati- 


tude with  the  first  instrument  was  as  high  as  ±0".28,  and 
with  the  second  instrument  ±0".19.  However,  no  other 
Station  could  be  had  without  involving  extra  expense,  and 
the  final  results  will  be  found  no  less  satisfactory,  which  is 
clue  to  the  large  number  of  observations.'  The  mean 
ji laces  of  stars  depend  on  the  Aitwbbs  -Boss  system  for 
declinations,  and  the  apparent  places  were  computed  from 
the  independent  day  numbers  in  the  American  Ephemeris. 
The  following  table  shows  the  statistics  of  the  arrange- 
ment as  carried  out  by  the  observer: 


Group 

No.  of 

No.  of 

Total  number  of  obser- 

pairs 

-.  ries 

vations  in  group 

I 

14 

37 

278     and     924 

II 

17 

53 

771       "       627 

III 

16 

27 

528       "       192 

IV 

17 

21 

497 

V 

21 

15 

682 

VI 

19 

16 

811 

VII 

23 

23 

789 

VIII 

18 

14 

669 

Groups  I,  II,  III  were  reobserved  the  second  year.  The 
number  oi  -cries  is  only  that  from  which  the  group-mean 
is  derived. 

The  reduction  of  the  whole  series  was  placed  in  cha 
of  the  Computing  Division  of  this  (  ifiice.  ami  carried  out  on 
the   same    lines   as   for  the   other  two   stations.      The   final 
corrections    to   the  group-means  were   small,  the  gret 
amounting  to  0".13.     The  number  of  nights  of  observation 
is  237,  and  the  resulting  valu.-s  for  latitude  were  conde 


*Our  observers  at  Waikiki  ami  Rockville  found  fore  the  i 

±o  ..'i  ;mil  ±iv. 17.  respectively. 

(81) 
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into  57  mean  values  by  combining  the  whole  series  into 
means  oi  l  days  (with  a  few  of  5  days)  each,  as  shown  in 
the  accompanying  diagram,  which  demands  no  further  ex- 
planation. 

For  the  purpose  of  expressing  the  variation  by  a  periodic 
function  the  above  values  were  further  concentrated  into 
L".t  normal  values,  as  follows:  these  may  be  regarded  as  the 
direct  outcome  of  the  work  done  at  this  station. 


Xo 

Date 

Xo.  of 

Latitude 

Xo 

Date 

Xo.  of 

Latitude 

lS'.ll 

obsns. 

37°  47'+ 

1S91-92 

obsns. 

37°  47'+ 

1 

M:,V   31 

174 

28.42 

16 

Dec.  25 

247 

28.24 

2 

June  L2 

204 

.37 

1892 

3 

June  23 

201 

.38 

17 

Jan.  13 

260 

.29 

4 

Julv     1 

223 

.50 

18 

Jan.  21' 

331 

.36 

5 

July  16 

247 

.44 

19 

Feb.     5 

313 

.32 

6 

Julv  82 

195 

.25 

20 

Mar.     (i 

318 

.38 

7 

Aug.  14 

194 

.18 

21 

Mar.  24 

195 

.46 

8 

Sept.    2 

172 

.22 

22 

Apr.     5 

272 

.50 

9 

Sept.  18 

207 

.12 

23 

Apr.  18 

243 

.46 

10 

Sept.  28 

24ii 

.04 

24 

Apr.  29 

188 

.56 

11 

Oct.   11 

234 

.16 

:'.-> 

May  12 

L'7.-> 

.51 

12 

Oct.  31 

143 

.10 

26 

May  23 

264 

.49 

13 

Nov.  12 

278 

.15 

27 

June  24 

240 

.48 

14 

Nov.  21 

289 

.08 

28 

Aug.    9 

I' 74 

.44 

15 

Dec.    8 

21  I'-' 

28.1(3 

29 

Aug.  18 

145 

28.36 

=  *,+ 


t  +  a      + 


-  t+« 


Taking  f,  or  number  of  days,  to  count  from  1891  January 
0,  as  epoch,  and  applying  the  method  of  least-squares,  we 
get 

9  =  37°  47'  28".334  +0".171  sin  (0.83526 1+  3°.7) 
+  0".074  sin  (0.98563  t +  20°.5) 

This  formula  leaves  the  differences  of  computed  and  ob- 
served values  as  follows : 

Washington,  B.C.,  1894  June,  29. 


In  accordance  with  Dr.  Chandler's  researches  these 
values  have  been  represented  by  a  function  of  two  periodic 
terms,  one  of  431  days,  the  other  of  3G5j-day  periods  ;  thus 
Ave  have  the  expression 


Xo. 

C— O 

No. 

C— O 

Xo. 

C— O 

1 

+0.06 

11 

-0.04 

21 

lUHl 

2 

+  .08 

12 

+  .02 

22 

-0.01 

3 

+  .03 

L3 

-  .02 

23 

+   .04 

4 

-  .1  l 

14 

+  .()(') 

24 

-   .05 

5 

-  .12 

15 

+  .(il 

25 

+    .01 

C 

+   .03 

16 

—  .03 

26 

+  .03 

7 

+  .05 

17 

—  .02 

27 

+  .01 

8 

-   .(i4 

18 

—   .07 

28 

-  .04 

9 

+   .03 

19 

+   .01 

29 

+  0.O1 

10 

+  0.09 

L'n 

+0.04 

range  0".399 


Minimum,  1891  Oct.  22,   <p  =  37=  47'  28".118  ) 
Maximum,1892  MaylS,  28".517jra 

While  the  observations  at  our  three  stations  plainly  indi- 
cate the  revolution  of  the  instantaneous  pole  of  rotation 
about  that  of  the  axis  of  principal  moment  in  the  direction 
from  west  to  east,  and  at  a  distance  of  about  0".2  at  the 
present  time,  it  is  of  great  interest  to  compare  the  results 
of  Dr.  Chandler's  researches  directly  with  experience, 
since  finally  we  shall  have  to  depend  on  expressions  which 
extend  over  the  whole  range  of  time  covering  all  our  ob- 
served latitudes,  which  it  is  now  known  demand  small  cor- 
rections to  reduce  them  to  what  may  be  termed  the  normal 
latitude  of  a  place.  The  lower  part  of  the  diagram,*  to- 
gether with  parts  for  Waikiki,  Eockville  and  Berlin  (about 
the  periods  of  minima),  were  thus  computed  ami  laid  down 
from  Chandler's  formula  (48)  in  A.J.,  307,  viz. : 

P-Vo  =  -0".15  cos  [).+  (t- 1875  Nov.  1)  0°.83527] 
-0".15  cos(;.  +  ©-320°) 
where  t  is  the  number  of  days  elapsed  since  the  Julian 
date  of  1875  Nov.  1.  It  is  very  gratifying  to  see  so  close  a 
ci  irrespondence  between  prediction  and  observation,  and  it 
may  be  noted  here  that  according  to  the  same  formula  the 
variation  in  latitude  during  the  present  year  would  be  very 
small,  probably  less  than  0".l ;  to  test  which  some  additional 
observations  for  latitude  were  made  at  San  Francisco  by 
the  same  observer,  but  of  these  observations  an  account  can 
only  be  given  at  some  future  time. 

*Dr.  Mendenhall's  letter  is  accompanied  by  a  diagram  showing, 
as  stated,  a  close  correspondence  between  the  computed  and  observed 
curves.  —  Ed. 


ON  SOME  FURTHER  CHARACTERISTICS  OF  THE  POLAR  ROTATION, 

By  S.  C.  CHANDLER. 


While  engaged  in  the  previous  investigations,  I  have 
often  recurred  to  the  question  whether  there  is  any  evi- 
dence that  either  component  of  the  polar  rotation  deviates 
from  a  uniform  circular  motion.  But  the  matter  of  proof 
was  so  evasive,  from  the  material  at  hand,  that  it  has  been 
held  in  abeyance.  While  there  was  strong  ground  for  sus- 
picion of  such  a  phenomenon,  its  publication  did  not  seem 


warranted,  and  the  matter  was  only  alluded  to  in  no.  322 

(p.  74)  as  a  justification  for  limiting  the  determination  of 
the  coefficients  there  made  to  the  European  series  exclu- 
sively. 

.  Meanwhile  the  results  of  a  part  of  Prof.  George  David- 
son's beautiful  series  at  San  Francisco,  have  been  made 
known.     His  fortunate  situation,  in  a  longitude  about  mid- 
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way  between  the  eastern  American  coast  and  the  Sandwich 
Islands,  enables  ns  to  examine  this  problem  with  some 
little  prospect  of  definite  result. 

For  the  revolution  of  the  terrestrial  poles  which  took 
place  between  the  summers  of  1S91  and  1892  we  have  pub- 
lished determinations  of  the  latitude-coordinate  made  in 
seven  different  localities,  tolerably  well  distributed  over  188c 
of  longitude.  The  following  table  gives  normal  values  of 
these  latitude-variations,  for  equidistant  intervals  of  50 
days  from  1S91  June  16  to  1892  July  20  (Julian  dates 
I'll  I'.kmi  I'll  2300).  They  were  found  by  comparing  the 
observed  data  with  an  assumed  curve,  furnished  by  eq.(52), 
and  applying  the  deduced  mean  differences  0— C  to  the 
computed  values  for  the  adopted  normal  dates.  The  series 
of  observations  employed  are. 


Series 

Place 

/ 

i  ibservei 

I 

Pulkowa 

-  30°.3 

Kostinsky 

II 

Prague 

-   14.4 

Weinek  &  Gruss 

111 

Berlin 

-   13.5 

Marcuse  &  Battermann 

IV 

Strassburg 

-     7.s 

Becker 

V 

Etockville 

+   77.1 

Smith 

VI 

San  Francisco 

+122.4 

Davidson 

VII 

Waiklkl 

+157.8 

Preston 

VIII 

Waikiki 

+157.8 

Marcuse 

All   the   determinations,  except  I,  were  by  Talcott's 
method. 


II 


III 


IV 


V 


VI 


VII      VIII 


2411900        12 

-.03 

- 

+.30 

+  .13 

+  .10 

+  .05 

L950  +-.08  -f.12 

+  .1S 

+.18 

+  .13 

-.04 

-.21 

-.18 

2000  +.26  +.27 

+.30 

+  .31 

-.05 

-.21 

-.33 

-.26 

2050  +.26  +.25 

+  .24 

+  .25 

-.21 

-.19 

-.23 

-.23 

2100  +.10  +.09 

+  .03 

+  .04 

-.19 

-.09 

-.09 

—.05 

2150  -.11  -.11 

-.21 

-.18 

-.07 

+  .06 

+  .14 

+  .14 

2200  -.23  -.22 

-.34 

-.28 

+  .13 

+  .18 

+  .35 

+  .24 

2250  —.22 

- 

-.21 

+.21 

+  .21 

+  .20 

+  .20 

241  2300  -.04 

- 

-.02 

+.06 

+  .16 

.00 

_ 

If  we  call  a  the  longitude  of  the  pole  of  figure,  reckoned 
from  west  to  east  from  the  meridian  drawn  from  the  pole 
"I  rotation  through  Greenwich,  and  call  r  the  distance  be- 
tween the  two  poles  at  the  same  instant:  then  the  differ- 
ence between  the  observed  and  mean  latitude  of  a  place 
whose  terrestrial  longitude  is  /..  reckoned  in  the  usual  man- 
ner from  east  to  west,  will  be 

<;  —  <-'„  =  —  r  cos  («  +  >.) 

Transforming  to   a   system    of   rectangular   coordinates 

whose   positive  //-axis   is  directed  towards  Greenwich,  we 
have     x  =  /■  since,  y  =  /•  cos  «,     and 

x  sin  /.  —  i/  cos  I  =  is  —  c, 

For  each  date  we  have  as  many  equations  of  this  form 


as  there  are  places  of  observation.  The  solution  by  least- 
squares  will  give  a  and  /•  for  the  various  dates.  We  thus 
obtain  from  the  above  ta 


t 


y 


2411! +0.212     -0.002       '."'.7     0.212 


1950 

+ 

.083 

— 

.107 

157.1 

.211 

2 

— 

.070 

— 

.282 

1  03.  0 

.290 

2050 



.197 



.184 

227.0 

.27o 

2100 

— 

.162 

— 

.010 

266.4 

.163 

2150 



.041 

+ 

.172 

346.6 

.177 

2200 

+ 

,135 

+ 

.242 

29.1 

.277 

2251 1 

+ 

.213 

+ 

.134 

57.8 

.252 

2412300     +.0.117     -0.003       91.5     0.117 

It  is  scarcely  necessary  to  observe  that  these  values  are 
absolutely  independent  of  any  assumption  as  to  the  law  of 
the  polar  rotation,  and  furnish  a  direct  geometrical  proof 
that,  during  the  period  in  question,  the  two  poles  revolved 

about  each  other  from  west  to  east  in  a  period  of  al 1 

four  hundred  days,  with  a  radius  of  about  0".23.  If  these 
observed  coordinates  be  laid  down  upon  a  chart,  the  po 
fall  into  a  nearly  closed  figure,  somewhat  elongated;  ap 
proximating  to  an  ellipse  with  a  major  axis  of  about  0".55, 
inclined  about  45°  to  the  line  of  reference,  and  a  minor 
axis  of  about  0".30.  Now  theory  indicates  a  circular  mo- 
tion for  the  Eulerian  term.  Assuming  that  the  428d-term 
is  the  Eulerian  one  in  a  modified  form,  we  may  plausibly 
refer  to  the  annual  term  alone  the  above  observed  deviation 
from  circular,  or  rather  epicyclical,  motion  of  the  two 
terms  combined.  If  we  therefore  compute,  by  means  of 
equation  (52),  for  the  first  term. 

xl  =  0".16  sin  (*-  TV)  0°.85,     Vi  =  0".16  cos  (t-  T^  0  ,85 

where  2\  =  241 1790  +  424  E.  and  subtract  them  from 
the  above  observed  values  of  x  and  y,  we  have  the  observed 
coordinates  of  the  annual  term  in  the  last  two  columns 
below. 


t 

■•'1 

Vi 

.'/•-• 

n 

1! 

2411900 

+0.160 

-0.0 10 

+0.052 

+0.008 

1950 

+  .111 

-  .115 

-  .028 

-   .082 

2000 

+  .004 

-  .160 

-  .07  1 

-   .122 

2050 

-  .106 

-    .127 

-  .091 

-   .057 

2100 

-  .160 

-   .018 

-   .002 

+  .008 

2150 

-  .129 

+  .091 

+  .088 

+   .081 

2200 

-   .032 

+   .157 

+   .167 

+    .OSo 

2251 1 

+  .082 

+   .130 

+  .131 

—     .01)1' 

I'll  2300 

+  0.154 

+0.046 

-0.037 

-0.049 

If  the  values  of  xa  and  ;/.,  be  charted,  we  have  a  very 
eccentric  ellipse  with  a  major  axis  of  0".32,  lying  in  the 
line  53°-233°,  and  a  minor  axis  of  about  0".10;  the  period 
being  manifestly  about  a  year,  and  the  motion  being  from 
west  to  east.  The  angular  velocity  seems  to  stand  in  some 
inverse  relation  to  the  radius. 


SI 
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Whether  the  ilt'|i;niniv  Inmi  circular  motion  in  the  an- 
nual term,  thus  indicated  by  these  observations,  is  real  01 
merely  the  result  of  accidental  or  systematic  error  in  the 
observations,  it  would  be  of  course  premature  to  say.  If 
it  be  confirmed  by  future  observation,  it  is  perhaps  possible 

Strafford,  17. .  1894  July  20. 


that  the  curious  inequalities  developed  in  A.J.  322  maj  I"1 
the  result  of  an  apsidal  motion,  of  long  period,  of  such  an 

ellipse.      At    least    it    seems   worth   while   to   hear   in   mind 
such  a  possible  geometrical  interpretation  of  the  phenomena, 

in  future  investigations  of  the  subject. 


(m   THE  VARIABLE   STAR   6984  U AQUILAE, 


l!v    KDWIN  F.   SAW  V  Kit. 


Tn  no.  147  of  the  Astr.Jour.,  I  announced  the  variability 
oi  this  star,  and  in  no.  lo.">  I  published 'provisional  elements, 
based  on  the  few  observations  obtained  from  lsso  Septem- 
ber 21  to  December  20.     Since  then,  owing  to  the  press  of 

other  astronomical  work  on  my  leisure  time,  no  attempt 
lias  been  made  to  improve  on  these  elements.  The  obser- 
vations, however,  were  continued,  with  occasional  inter- 
ruptions, during  the  years  1886, 1887, 1888, 1889  and  1893, 
and  I  now  publish  the  results  from  a  discussion  of  the  159 
observations  obtained.  All  the  observations  have  been 
Drought  to  bear  in  the  formation  of  a  mean  light-curve, 
using  the  period  7d.02645  found  by  Mr.  Yexdell  from  his 
observations  and  the  few  already  published  by  me.  A 
comparison  of  my  observations  with  Mr.  Ykmhu.i.'s  ele- 
ments, given  in  the  column  0  — C  below,  indicates  a  cor- 
rection of  -0d.00106  to  the  period,  and  of  -0d.30  to  the 
epoch  of  maximum. 

I  Ii:served  Maxima. 


E 

Boston  M.T. 

Wt. 

O— C 

0 

1886  Sept,  19.218 

1 

-O.Vls 

4 

Oct.    17.567 

1 

-   .475 

5 

2  1.507 

1 

-   .561 

6 

31.715 

1 

-   .379 

7 

Nov.     7.628 

2 

-  .493 

8 

14.493 

2 

-  .654 

9 

21.709 

2 

-  .465 

10 

29.650 

1 

+   .450 

12 

Dec.    12.777 

1 

-   .476 

13 

10.451 

1 

-   .829 

35 

1887  May  23.785 

1 

—  .077 

38 

June  13.911 

3 

-   .030 

40 

27.702 

3 

-  .292 

41 

July     5.350 

1 

+  .330 

42 

11.419 

2 

-  .966 

43 

18.808 

2 

-   .265 

44 

25.901 

1 

-   .109 

46 

Aug.     8.888 

1 

-  .265 

47 

15.941 

2 

-  .238 

51 

Sept.   13.001 

2 

-  .284 

52 

20.304 

1 

—  .007 

54 

Oct.      4.769 

1 

+   .4(15 

55 

11.009 

2 

-  .382 

56 

18.241 

1 

-   .176 

58 

31.520 

3 

-0.950 

E 

Boston  M.T. 

\vt. 

O 

— C 

59 

1887  Nov. 

8.027 

2 

_ 

U70 

60 

16.018 

2 

+ 

.495 

61 

22.250 

1 

— 

.299 

90 

L888  June  13.426 

1 

+ 

.110 

94 

July 

11.293 

2 

— 

.129 

97 

Aug. 

1.562 

2 

+ 

.060 

101 

29.376 

<> 

— 

.231 

102 

Sept 

5.375 

1 

— 

.259 

105 

26.-1:'!' 

3 

— 

.291 

106 

Oct, 

3.333 

1 

— 

.406 

109 

24.600 

2 

— 

.219 

Hit 

31.604 

2 

— 

.241 

111 

Nov. 

7. ol7 

1 

— 

.355 

143 

1SS9  dune  20.423 

1 

— 

.297 

147 

July 

18.388 

1 

— 

.436 

148 

25.293 

2 

— 

.557 

152 

Aug. 

22.340 

1 

— 

.616 

362 

1893  Sept. 

5.936 

1 

— 

..">7."i 

363 

12.711 

2 

— 

.720 

367 

Oct. 

11.163 

3 

-0.480 

Observed  Minima. 

E 

Boston  JI.T. 

Wt. 

O 

— C 

5 

1886  Oct. 

22.602 

3 

-0.346 

7 

Nov. 

5.868 

4 

— 

.133 

8 

12.934 

1 

— 

.093 

9 

19.947 

2 

— 

.107 

10 

27.208 

o 

O 

+ 

.128 

11 

Dec. 

4.323 

2 

+ 

.227 

13 

18.755 

1 

+ 

.595 

38 

1887  June  1 

2 

— 

.096 

40 

25.792 

1 

— 

.082 

42 

July 

9.296 

1 

— 

.631 

46 

Aug. 

7.KI7 

1 

+ 

.(174 

47 

14.052 

2 

— 

.(Ki7 

48 

20.770 

1 

— 

.315 

49 

27.340 

1 

— 

.771 

50 

Sept. 

4.175 

2 

+ 

.o::s 

51 

1(1.(175 

3 

— 

.490 

52 

17.929 

4 

— 

.262 

55 

Oct. 

9.4S2 

2 

+ 

.211 

56 

15.723 

2 

— 

.574 

58 

29.527 

1 

— 

.823 

59 

Nov. 

0.192 

1 

-0.185 

60 

12.250 

1 

-1.153" 

61 

20.062 

1 

-0.367 

90 

1888  June 

10.491 

2 

-0 

.70."". 
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E 

Boston  M.T. 

Wt. 

O— C 

E 

Boston  M.T. 

Wt. 

0— c 

93 

L888July     1.659 

1 

-0.615 

145 

1889  July     2.021 

1 

-0*631 

'.il 

8.67  7 

2 

-  .625 

17,1 

Aug.   L3.233 

1 

-ii. .-,77 

95 

16.333 

1 

+  .mi.-, 

17,:; 

27.032 

2 

-0.330 

'.•7 

30.403 

1 

+  .023 

156 

-    it.  L6.586 

1 

-1.354 

98 

Aug.     6.125 

1 

-  .281 

i:,7 

24.368 

1 

-0.598 

99 

13.205 

3 

-  .228 

362 

L893  Sept.    3.618 

2 

-   .772 

101 

26.951 

3 

-  .536 

:;»;:; 

1(1.  CCS 

3 

-   .749 

102 

Sept.    3.523 

1 

+  .(tint 

364 

17.704 

1 

-  .7:;'.' 

In.", 

24.  I'M 

1 

-  .312 

365 

25.882 

1 

+  0.412 

106 

30.990 

2 

-   .629 

366 

Oct.      1.234 

1 

-1.262 

L07 

Oct,      8.292 

1 

-  .353 

367 

8.380 

:; 

-1.14:; 

lin 

30.27,n 

1 

+  .525 

.'•■7H 

29.437 

1 

-1.165 

111 

Nov.     5.239 

2 

-  .513 

;;7i 

Nov.     6.322 

3 

-0.307 

144 

1889  Jan.'  25.019 

1 

-0.607 

The  comparison-stars  and  the  light-scale  are 


l.A.       S  vw  vki:      I..  Si 


a  =  Km  i  U.A.)  Aquilae 

I,  =    92      "  " 

c  .-=    80      " 

d  =    60      "  " 

e  =     43      « 

/  =  W.B.  280 

a  =  W.B.  568 


1]          111  S 

19  52  59 

19  47  21 

in  12  o 

19  28  45 

lit   16  2d 

10  13  19 

19  24  12 


-11 


10  17.0 

s  53.8 
ln.7 

7  13.9 

7  38.2 

6  51.5 

6  16.2 


6.1 
6.2 

(1.4 
6.7 
6.7 


6.15 
6.25 
6.35 

0.05 
6.70 
7.K) 
7.5 


The  positions  are  for  tin.'  equinox  1875.0. 

The  characteristics  of  the  light-fluctuations  are  a  slow 
increase  during  the  first  day  after  minimum,  followed  by  a 
very  rapid  increase  during  the  second  day.  and  a  nearly 
uniform  and  much  slower  decrease.  The  average  variation 
during  increase  is  about  half  a  magnitude  a  day,  while  the 
average  daily  decrease  is  0.20  of  a  magnitude. 

The  readings  of  the  light-curve  give  the  following 


Light 

Table. 

Time  to iiu  .Max. 

Time  from  Max. 

2.12          2.8         7.28 

.1                 Steps             u 
-1.25           5.1          7. 00 

2.oo          2.'.)         7.26 

1.00          6.3        6.97 

1.75           3.2         7.21 

0.75          8.2         6.78 

1.50           3.9          7.10 

-0.5O         10.5         m^ 

Time  from  Max. 


-0.25 
0.00 

+  0.25 
0.50 
0.75 
l.oo 
1.25 
1.50 
1.75 
2.00 

+2.25 


Steps 

1  1.1 

15.4 
15.1 
14.6 
13.9 
L3.2 
12.3 
11.3 
10.5 
0.5 
8.6 


6.39 
6.27 
6.29 
6.32 
6.40 
(i.47 
6.56 

0.00 

6.68 
6.69 
6.74 


10.5 

10.2 

14.0 

I  1.2 

9.0 

5.0 

0.0 


+  2.50 

2.75 
3.00 
3.25 
3.50 
3.75 
l.oo 
4.25 
4.50 
4.75 
+  5.00 


Time  from  Max. 

7.7 
7.0 
c.l 
5.7 
5.1 
4.4 

:;.7 
3.2 
3.0 
2.8 

2.S 


6.83 

o.oo 

6.96 
7.03 

7.00 
7.15 
7.2o 
7.21 
7.20 
7.2S 
7.28 


The  range  of  variation  is  from  6*.27  to  7M.28. 
The  duration  of  increase  is  2.12  d  that  of  do- 

crease  4.91  days. 


r.rhjht,,,,,  ISO  I  J„,,e  29. 


OBSERVED   MAXIMA 


2 loo.      r  Orionis. 
Thirty  observations  of  V  Orionis,  from  1893  Dec.  4  to 
lso  I  March  10.  indicate  a  maximum  of  6".9,on  1894  Fob.  12. 

2270.      T  Monocerotis. 
This  star  was   observed  during  the  season,   from   ISO.'! 
No  .  16  to  1894  April  2,  forty -two  times.     The  observations 
indicate  four  maxima  and  four  minima,  as  follows  : 


Maxima 

w 

Minima 

w 

893  Dec.   24.88 

4 

1893  Dec. 

14.8 

3 

894  Jan.   20.20 

4 

1894  Jan. 

s.o 

3 

Fob.    15.52 

2 

Fob. 

4.0 

4 

Mar.  1U.21 

3 

Mar. 

4.5 

4 

AND   MIX  IMA   OF   VARIABLE   STARS. 

By  P.  S.  YEXDELL. 

2070.  f '  Monocerotis. 
Twenty  observations  of  U  Monocerotis  were  obtained,  be- 
tween 1893  Dec.  10  and  1894  April  2.  On  the  first  date  its 
light  was  estimated  at  6*.9  ;  it  rose  to  a  bright  maximum  of 
6M.3  on  1894  dan.  2.  then  declined  to  a  bright  minimum  of 
6". 9  on  Feb.  1.  This  was  followed  by  a  maximum  of  6H.4 
on  Feb.  18,  and  a  minimum  of  7\4  on  Mar.  23.  When  lasl 
seen,  April  2.  the  star  had  risen  to  6™.6. 

lso5.      W  Virginia. 

W  Virginis  was  observed  nineteen  times,  from  1894 
M, i ivh  4  to  June  23.  The  observations  indicate  three 
maxima  and  three  minima,  as  follows  : 


s<; 
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.Mamma 

w 

Minima 

w 

L894  May      1.1 

4 

1891  April   5.3 

2 

20.4 

2 

it,.;; 

•  > 

June    2.5 

o 

May  9.8 

1 

481(1.  ("  Virginis. 
This  star  was  first  seen  on  1894  May  1.  when  it  was  ap- 
parent h  near  a  maximum,  its  light  being  estimated  at  8M.5. 
It  remained  at  about  this  brightness  until  Maj  26,  when  it 
began  slowly  to  decline,  reaching  a  light  of  8M.9  on  June 
21,  the  date  iif  the  last  observation.      The  star  was  seen  on 

thirteen  occasions. 

4847.  S  Virginis. 
From  1894  Mar.  7  to  June  20,  S  Virginis  was  observed 
on  eighteen  evenings.  When  first  seen,  it  was  probably 
below  11H.5,  being  only  glimpsed.  It  rose  pretty  rapidly 
to  a  well-marked  maximum  of  7*.5,  which  appears  to  have 
taken  place  on  May  25.  When  last  observed,  it  had  fallen 
to  8M.2. 

6062.     BE  Seorpii. 

The  variability  of  this  star  was  announced  from  the 
Harvard  College  Observatory,  A.N.  3225. 

It  was  first  observed  by  me  on  1894  .May  10,  its  light 
beini;-  then  7M.9;  it  rose  rapidly  to  a  sharply-marked  maxi- 
mum of  7". 2.  which  was  passed  on  May  30.  At  the  last 
observation,  July  3,  it  had  fallen  to  7".8. 

Dtrrrhesti  /•.   1894  Jnhj  7. 


6207.     ZOphiuchi. 
This  star,   whose   variability    was    announced  from   the 

Harvard  College  <  Ibservntory.  in  the  s; ■  paper  with  6062, 

was  taken  under  observation  on  1894  April  24;  it  being 
then  near  a  maximum,  which  is  very  uncertainly  indicated 
by  the  next  observation,  on  May  7.  From  this  date  it  has 
fallen  away  steadily,  having  decreased  from  7M..">  to  S\9, 
which  was  its  estimated  brightness  at  the  last  observation 
j  on  July  3. 

7085.     RTCygni. 

Of  this  star  1  have  four  observations,  widely  spaced 
apart,  from  1894  .May  10  to  July  3;  the  rise  and  decline, 
however,  are  so  distinctly  indicated,  that  a  maximum  on 
dune  12  indicated  by  a  free  curve  drawn  through  the  four 
observations,  seems  likely  to  be  very  near  the  truth.  The 
greatest  brilliancy  observed  was  7". 3. 


It  seems  not  out  of  place  here  to  remark  that,  since  the 
end  of  February,  the  weather  has  been  to  so  large  an  ex- 
tent unfit  for  observing  that  a  very  great  proportion  of  the 
series  of  observations  which  I  have  undertaken  since  that 
time  have  been  rendered  useless  by  interruptions,  often 
amounting  to  weeks.  The  above  apparently  meagre  re- 
sults give  no  indication  of  the  amount  of  work  done. 


ON   THE   FORMS   OF   THE   DISKS  OF   JUPITER 8   SATELLITES, 

I3y  G.  W.  HOUGH. 


In  the  Astr.  Join-.,  no.  321,  Prof.  J.  M.  Sohaeberle.  of 
the  Lick  Observatory,  gives  his  results  on  the  shape  of  the 
disk  of  the  first  satellite  near  elongation.  He  found  from 
several  estimations,  occupying  an  interval  of  5h  40'",  that 
the  disk  had  a  constant  ellipticity,  and  that  the  diameters 
were  as  1  to  0.83. 

Prof.  W.  H."  Pickering,  at  Arequipa,  from  an  extended 
study,  found  a  regular  periodic  change  iu  the  ellipticity  of 
the  disks  of  all  four  satellites.  For  the  third  satellite  he 
estimated  the  difference  between  the  two  diameters  as  0".2, 
which  is  equivalent  to  a  maximum  ellipticity,  1  to  0.89. 

Prof.  E.  E.  Barnard,  on  the  contrary,  from  a  series  of 
observations  with  the  36-ineh,  concluded  that  the  disks  of 
all  the  satellites  were  circular. 

I  have  observed  Jupiti  r  systematically  since  1879,  on 
more  than  six  hundred  nights,  with  the  18A-inch  refractor 
of  the  Dearborn  Observatory.  While  my  studies  have  been 
more  particularly  confined  to  the  planet  itself,  yet  I  have 
made  micrometer-measures  of  the  diameters  of  the  satel- 
lites, and  have  observed  numerous  transits,  occupations, 
etc.     Under  good  atmospheric  conditions  I  have  never  sus- 


pected that  the  disks  of  any  of  the  satellites  were  elliptical. 
In  most  cases,  however,  negative  testimony  is  of  very  little 
value  in  its  bearing  on  a  disputed  point,  but  if  the  elliptieit  \ 
attains  the  magnitude  assigned  by  Prof.  Schaebkki.k.  0.83 
to  1.00,  it  could  not  fail  to  be  recognized  by  an  experienced 
observer,  who  employs  sufficient  optical  power. 

In  the  case  of  close  double  stars  a  want  of  symmetry  in 
the  stellar  disk  amounting  to  0",2  may  be  detected  with 
the  18i-inch,  and  this  quantity  is  reduced  to  0".l  for  the 
36-inch  Lick.  Now  the  first  satellite  subtends  an  angle  of 
l".l  at  mean  distance,  and  it  is  perfectly  feasible  to  make 
micrometer-measures  of  the  disks  on  two  or  more  diameters 
If,  therefore,  the  ellipticity  is  real,  and  amounts  to  one-half 
the  quantity  assigned  by  Prof.  Schaebekle,  one  night's 
work  with  the  micrometer,  on  any  good  telescope  above  18 
inches  of  aperture,  ought  to  definitely  settle  the  question. 

In  the  publications  of  the  Astronomical  Society  of  the 
Pacific,  no.  17,  Prof.  A.  A.  Michelson  gives  the  results  of 
measurement  of  the  diameters  of  the  satellites  of  Jupiter 
by  interference,  and  also  appends  the  micrometer-measures 
of  four  observers,  viz.  :  Engelmann,  Struve,  Hough  and 
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Burxham.     The  mean  of  the  five  values,  together  with  the 
mean  residuals,  are  as  follows: 

Satellite 


I 

1.07 

±0.04 

II 

0.95 

±0.03 

III 

1.59 

±0.15 

IV 

1.39 

±0.12 

These  results  show  conclusively  thai  the  micrometer  can 


be  successfully  employed,  and  it  seems  to  me  that  it  is  the 
only  proper  way  to  arrive  at  a  result  of  any  value  to 
science. 

It  is  well  kuown  to  double-star  observers,  in  the  case  of 
close  pairs,  that  one  sees  the  star-disk  elongated  in  a 
direction  depending  on  the  position  of  the  eye.     It  is  possi- 
ble thai  the  apparenl  shape  of  the  disks  of  the  satellites 
of  Jupiti  r  may  be  influenced  from  a  like  cause. 


Dearborn  Observatory,  Northwestern  University,  1894  Juru  30. 


OX  THE   VARIABILITY  OF  DM.  +4°4250. 

Ill"  44'"  10\5.         +4:  5'.9     (1855) 
Cv  P.  s.  YKXDELL. 


The  variability  of  this  star  was  announced  from  the 
Harvard  College  Observatory,  A.N  3225,  p.  162. 

tin  1894  May  In  and  27.  I  looked  for  the  star  unsuc- 
cessfully, the  limit  of  vision  being  estimated  on  these 
two  occasions  respectively  as  11M.5  and  ll^.O.  The  place 
was  very  carefully  identified  by  the  neighboring  Durch- 
musterung  stars. 

On  the  evening  of  1894  July  3  the  star  was  seen  in  the 
place  indicated,  and  comparisons  made ;  but.  having  inad- 
vertently omitted   to  mark  on  the  chart  the  comparison- 

Dorchi  ster,  1894  July  7. 


3tars  used,  1  cannot  now  identify  these,  and  the  only 
estimate  of  magnitude  that  can  be  given  is  the  eye  esti- 
mation  of.  about  9".3.  As  beforej  greal  care  was  taken  in 
the  identification  of  the  star,  whose  variability  I  consider 
to  be  decisively  confirmed  by  these  observations. 


The  above  confirmation  by  Mr.  Wendell  no w  permits  the  definitive 
notation,  7118  X  Aquilae;  and  the  star  maybe  removed  from  the 
"  Unconfirmed  List,"  Table  III  of  ihe  Supplement  to  Second  Cata- 
logue. A.  J.,  310.  —  Ed. 


OBSERVATIOXS   OF   COMET  b  1894, 

MADE   AT   THE   OBSEKVATOKY   OF   THE    CATHOLIC    ONI VEBSITY,    WASHINGTON,    D.C., 

By  Rev.  G.  M.  sEARLE. 


1894  Greenwich  M.T. 

* 
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2 

5 
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3 
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4 
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+  4  10.0 
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+43  19   18.5 

0.7  If.     0.129 
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4 

3 

+  4  31.31 
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12     6  15.69 

+  4:s  21    17.2 
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4 

1 

+6  28.80 
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12    8  13.18 

+43  24   12.0 
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15  59  10 

5 

5 

+  1  36.33 

-  6  43.9 

12     8   13.45 

+  43  2:i  57.5 
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o 
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-   4  42.2 

12  10     1.31 

+  43  25  59.2 

0.7  11        0.2  1D 

Mean    Places  for  1S94.0  of  Comparison- Stars. 
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Red.  to 
a                  app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 
4 
5 

tl         1U         9 

9  18  12.50 
9  25   18.72 

11  55  34.46 

12  1    12.65 
12     6  35.38 

+  1.00 

+  1.07 
+  1.81 
+  1.73 
+  1.74 

+  13°  50  37.1 
+16  14  12.4 
+  42  49  23.3 
+  4:;  15     3.2 
+  4;;  30  36.2 

+1.0 
+1.5 
+5.4 
+  5.3 
+5.2 

Lalande  18495 
Weisse-Bessel  IX.  496 
Weisse-Bessel  XI,  1048 
Weisse-Bessel  XI,  1183 
Weisse-Bessel  XI  I.  95 

88 


T  II  E     AST  l;  <>  N  «»  M  1  <   ,\  I.     -To  D  B  N  A  L. 


N0'  323. 


OBSERVATIONS  OF  COMET  b  1894, 

MADE    AT  THE   CINCINNATI   OBSERVATORY, 

\\\   .1.  G.   PORTER. 
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Mean  Places  for  1894.0  of  Comparison- Stars. 
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app.  place 
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111         S 
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Lund  A.G.Z.:  2  obs. 

•1 
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+  1.77 
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15.3 
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Lund  A.G.Z.;  2  obs. 

3 

11 
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Rad.  1,2673;  Paris  13882            [+41°2203 

4 

11 

27     5.36 

+1.82 
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Eq.  comp.  with  Bonn  VI,  +41°2199  and 
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+  5.4 
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0 

12 

1  42.62 
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+  43  15 
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+  5.3 
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Eq.  comp.  with  last 

8 

12 

6  35.33 

+  1.75 

+  43  30 

36.0 

+  5.3 

W.B.  XII,  95 

9 

12 

12     4.75 

+  1.75 

+  43  23 

4.2 

+  5.11 

W.B.  XII.  198 

10 

12 

17  59.70 
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+  43  29 

7.5 

+  4.6 

Bonn  VI,  +43°2215 

ORBITS  OF  85  PEGASI  {(S  733), 

By  J.  M.  SCHAEBERLE. 


In  A.N.  3145  Prof,  vox  Glasexapp  published  an  orbit  of 
85  Pegasi,  based  upon  all  the  observations  from  1S78  to 
1892,  inclusive.  While  he  represents  the  data  employed 
with  surprising  accuracy,  some  recent  observations  by 
myself  show  that  his  orbit  is  much  more  in  error  than 
my  own  published  in  1888  (A J.  185  and  246).  I  was  Led 
to  make  these  observations  on  account  of  the  great  differ- 
ence between  our  theoretical  positions.  At  the  present 
time  Prof.  v.  Glasenapf's  computed  position-angle  is  more 
than  80°  greater  than  that  given  by  my  ephemeris. 

Lid;  Observatory,  1894  July  13. 


The  residuals  in  positiou-angle  and  distance:  found  by 
subtracting  the  ephemeris-positions  from  my  observed  re- 
sults for  1893  and  1894,  are  tabulated  below  for  both  orbits. 

VON    GLASENAPP  ScHAEBERLE 

Date  Period  17.5  Period  22.3 


1893.65 

-38.1 

+  0.31 

+  12.6 

+  0.10 

1894.53 

-63.1 

+  0.44 

+  17.7 

+  0.17 

As  these  figures  indicate  that  my  orbit,  is  only  slightly 
in  error.  I  defer  correcting  the  elements  until  the  component 
has  made  a  complete  revolution  about  its  primary. 
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THE   ORBITS   OF   DOUBLE   STARS. 

Liv  A.  HALL. 


In  whatever  parts  of  space  the  motions  of  a  double  star 
may  take  place  the  observer  sees  these  motions  projected 
on  a  plane  perpendicular  to  the  line  of  sight.  Hence  the 
problem  of  determining  the  orbit  of  a  double  star  is  natur- 
ally divided  into  two  parts:  first,  the  determination  of 
the  apparent  orbit,  and  secondly  the  determination  of  the 
real  orbit.  The  apparent  orbit  is  that  which  is  based 
directly  on  the  observations,  and  it  is  the  foundation  of  the 
whole  theory  of  the  motions  of  these  stars.  We  consider 
this  orbit  first. 

T/hj  Apparent  <>r!iit. 
The  observations  arc  referred  to  the  principal  star  by 
means  of  angles  of  position  and  distances.  The  angles  arc 
counted  from  the  north  point  toward  the  following  side, 
and  through  the  whole  circle.  Denoting  this  angle  by  /<. 
aud  the  distance  by  s,  we  have  in  the  plane  of  the  apparenl 
orbit, 

x  =  s  cos/. :  y  =  s  sin// 

About  seventy  years  have  elapsed  since  accurate  meas- 
ures of  double  stars  were  begun,  and  very  few  stars  have 
been  observed  long  enough  to  give  a  good  determination  of 
an  orbit.  From  the  few  orbits  that  are  known  we  may 
inter  that  double  stars  move  in  ellipses,  and  that  the  radius 
vector,  or  distance,  describes  areas  proportional  to  the  time. 
It  is  worth  while  to  notice  at  the  outset  the  uncertainty 
arising  from  errors  of  observation.  The  stars  are  always 
seen  on  the  surface  of  a  cylinder,  generally  of  very  small 
diameter,  and  errors  of  a  quarter  of  a  second  of  arc,  or 
even  of  a  tenth  of  a  second,  are  relatively  so  important 
that  the  computed  results  are  doubtful.  There  appears  to 
be  no  way  of  overcoming  this  difficulty  except  by  waiting 
for  the  stars  to  describe  greater  arcs,  which  will  contain 
more  of  the  theory  of  their  motions.  At  present  this  un- 
certainty is  so  great  that  it  is  not  worth  while  to  spend 
much  labor  in  elaborate  computations  from  exact  formulas. 
A  simple  graphical  construction  is  generally  sufficient.  In 
most  of  the  known  motions  of  double  stars,  where  only  a 


half  or  two-thirds  of  a  revolution  has  been  described,  the 
observations  can  be  represented  by  formulas  containing  the 

first  and  second  powers  of  the  time;   thus, 

x  =  a  +  r.t  +  a  - ;     y  =  A'+B't+  C  7  - 

These  are  simple  interpolation  formulas  and  no  law  of 
force  is  assumed  between  the  stars,  but  they  represent  the 
rvations  well,  and  ephemerides  may  be  computed  from 
them.  Such  a  result  shows  within  what  uncertain  limits 
observations  confine  theory.  If  the  apparent  orbit  be 
plotted  on  a  large  scale  the  elements  can  be  measured  from 
this  plot.  In  most  cases  this  is  sufficient,  and  the  next  step 
is  to  pass  to  the  real  orbit.  Such  a  procedure  requires  an 
assumption  concerning  the  law  of  force  which  governs  the 
motions  of  the  stars.  The  most  probable  assumption  we 
can  make  is  that  the  Newtonian  law  of  attraction,  which 
has  been  so  fully  tested  in  our  solar  system,  is  also  the  law 
of  force  between  the  stars.  This  being  the  case  the  princi- 
pal star  is  at  the  focus  of  the  real  orbit.  But  before  leav- 
ing the  apparent  motion  of  the  star  let  us  examine  it  in  a 
general  way.  such  as  might  be  necessary  in  the  case  of  a 
wrell  known  orbit. 

The  origin  of  coordinates   being  at  the  principal  star, 
which  is  not  at  the  focus,  the  general  equation  of  thi 
lipse  is, 

/•'  =  ,,,■-  +  2hxy  +  by2  +  2gx  +  2fy  +  c  =  0        (1) 

This  equation  contains  five  independent  constants  which 
are  to  be  found  from  the  observed  values  of  x  and  y,  given 
above.  Each  observation,  or  each  normal,  will  furnish  val- 
ues of  x  and  y,  and  these  being  substituted  in  (1)  will  give 
an  equation  of  condition.  These  equations  can  be  weighted 
and  solved  by  least  squares.  The  five  constants  having 
been  found  in  this  way  the  elements  of  the  apparent  ellipse 
can  be  expressed  in  known  terms.  In  this  work  the  dis- 
criminant of  equation  (1)  frequently  occurs,  and  we  del 
it  by  A.     Thus 

a,  h,  g 
A  =  abc  +  2fgh  -  of2  -  bgl  -  ch*  =     h,  b,  f 

I  y,  f,  '■ 

(89) 
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Some  of  the  minors  of  this  determinant  arc  useful,  and 

may  be  designated  as  follows : 

C  =  ab-h2;     F  =  gh—af;     G  =  hf—hg 
The  coordinates  of  the  center  are  given  by  the  equations, 


■'•o  -  c 


%=c 


If  now  we  take  the  center  as  origin  the  equation  of  the 
ellipse  becomes 

<t.,--  +  2hxy  +  h,/-  +  o'  =  0 
where 

<-% 

If  we  turn  the  axes  so  as  to  get  rid  of  the  term  in  xy  the 
equation  of  the  curve  takes  the  form, 


Let  ns  put 
then 


'x2  +  b'y2  + 


it 


R-  =  \h2  +  (a-  bf 

a'  =  h(a  +  b-L');     V  =  h(a  +  b  +  R) 

The  equation  can  be  changed  to  the  normal  form  of  an 
equation  to  the  ellipse  when  referred  to  its  center  and  prin- 
cipal axes  by  substituting  the  values  of  a',  b',  c',  and 
dividing.     Thus 


-11 


-2d        =  l 


C(a+b—R) 

X2 
a2 


C(a  +  b  +  R) 


where  a-  and  p12  are  the  roots  of  the  equation 

a  +  («+&)A  .  +  a:_0 
C2     •"     C3  ~ 

The  principal  axes  of  the  apparent  ellipse  will  be  given, 
and  the  excentricity  will  follow.  In  the  first  system  of 
coordinates,  the  axis  of  x  is  directed  toward  the  north 
point.  The  position  of  the  new  will  be  given  by  adding 
the  angle  0  through  which  the  axes  are  turned  in  the  trans- 
formation.    In  this  case 

tan  20  = 


a  —  b 


As  the  plane  of  the  apparent  orbit  is  perpendicular  to 
the  line  of  sight  all  the  elements  of  this  orbit  are  known. 

In  the  apparent  orbit  the  principal  star  is  not  at  the  focus. 
The  observations  however  indicate  that  this  star  is  the  cen- 
ter of  force,  and  it  is  an  interesting  question  what  laws  of 
force  wrill  produce  the  observed  phenomena.  Villakoeau 
has  investigated  this  problem  in  the  Conn,  des  Temps  for 
1852.  If  we  take  the  principal  star  as  the  origin  we  have 
(1)  as  the  equation  of  the  apparent  orbit.     The  conditions 


that  the  force  is  central,  and  the  areas  proportional  to  the 
time,  give, 

dx  dy 

y  -77  —  a-  -£■    =  2k 


dt 


ill 


k  being  a  constant.     If  y  be  the  constant  force,  and  ;•  the 
radius-vector,  the  equations  of  motion  are 


iP.r  x 

dt3       y    r 


0 


dt- 


9.z-=  o 


The  first  and  second  derivatives  of  (1)  are 

SF  dx       8F  dy  _ 
dx  '  dt        Sy    dt 

8F  d2x      SF   d-ii      S-F  dx-      d-F  dii-     „  S-F   dx  dy     . 
dx    dt-      dy    dt-      tV-    dt-      (\//-    dt-         SxSy'dt  dt 

The  above  integral  of  areas,  and  the  first  derivative  of  F, 

give 

dx  _  2k    8F  dy  _         2k    8F 

dt   ~~z   U  '8y~'  dt   '"  ~  U"  dx 

where 

By  means  of  these  values  and  the  equations  of  motion 

...  dx      dii      d2x      d-//  . 

we  can  eliminate      -^—  ,   -^  ,   -—  ,   -^-     from  the  second 
dt  '   dt  '    dt2  '    dt2 

derivative,  and  find 
8F- 


<P    (   8F 

r     \    8x  Sy 

4/e2   /SF2    82F     8F2    S2F 
U2    \8x2      Sy2       Sy2  '   8x2 

We  have 

8F  SF 

°—   =  2ax+2hy+2i/;      — 
8x  oy 


0  82F     8F   S£\ 
8x8y'  8x  '  Sy 


=  2by  +  2hx  +  2/ 


82F  8  2F 

8x2  '     Sy2 


S2F 


=  2A 


S.r  Sy 

With  these  values  the  term  in  the  last  parenthesis  be- 
comes 

(ab-h*)  (ax"-  +  by2+2h.ry  +  2>/x  +  2fy)  +  af2+  by2-  2fgh 

or 

of"  +  H'  +  r'<--  —  al"'  —  V'./!t  =  —  A 

multiplied  by  the  numerical  factor  8.     Hence  substituting 

A 

-  ,  we  may  write 
32  J 


(2) 


and  the  law  of  force  depends  on  the  function  U.     We  have 
U  =  2  (ax*+2hxy+byi+gx+fy) 

Comparing  with  (1)  we  find  the  values 

f/j  =  ax2  +  2hxy  +  by2  —  c 
U2  =  —2(rjx+fy+c) 
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which  appear  to  be  the  simplest  forms,  but  other  forms 
may  be  found.     If  we  transform  L'.,  to  polar  coordinates 

x  =  r  cos  v,     y  =  r  sin  v 
we  have 


r. 


and  by  (2) 


=  —  2  ( g  cos  c+/sinc+  -  )  = 


U 


/.■-'       A 

For  the  Newtonian  law  of  attraction  we  must  have  U1  = 
constant. 

or  £ .,  =  r.  const.  =  rn 

2c 


and  r  =  

g  cos  /■  +  /  sm  r  +  ii 

which  is  the  equation  of  a  conic.  If  we  assume  that  l\ 
and  Ut  are  constants,  the  form  of  l\  gives  a  conic  section. 
the  force  being  at  the  center  and 

tp  =  r .  const. 
This  is  a  well  known  form  of  elliptic  motion  in  which 
the  periodic  time  is  independent  of  the  distance.     For  the 
case  of   U„  a  constant  the  orbit  is  a  right  line,  and  as  we 

have 

a  =  0 ,     6  =  0,     h  =  0 ,     A  =  0, 

the  value  of  p  is  zero. 

We  have  therefore  an  indefinite  number  of  laws  of  force 
under  which  the  apparent  orbit  could  be  described.  A  good 
proof  of  any  law  is  difficult,  since  we  do  not  see  the  real 
orbit,  and  the  yearly  change  in  the  position  of  the  observer 
is  so  small  that  it  furnishes  no  means  of  investigation. 
Savaky  pointed  out  that  the  equation  of  light  might  be 
used  for  determining  the  size  of  the  orbit,  but  this  does  not 
seem  practicable  at  present.  Our  only  method  is  to  continue 
the  observations  of  these  stars  with  the  best  means  at 
hand,  and  wait  for  time  to  show  the  true  laws  of  motion. 
It  is  interesting  to  consider  some  of  the  phenomena  which 
observations  have  already  disclosed.     "We  notice, 

(a).  The  variable  stars  and  the  theories  proposed  to  ex- 
plain their  variations  of  light. 

(It).     The  great  diversity  of  the  stars  in  color  and  spectra. 

(c).  The  presence  of  dark  bodies  in  some  of  the  stellar 
terns  comparable  in  mass  to  the  stars  themselves. 

eh-  The  complication  of  the  mechanical  problem  when 
there  are  several  nearly  equal  centers  of  force. 

(e).  The  very  great  velocities  of  some  of  the  stars. 
which  it  is  difficult  to  understand  in  a  stable  system  of 
bodies. 

(/*).  The  recent  determinations  of  the  motions  of  stars 
in  the  line  of  sight,  and  the  discovery  in  this  way  of  very 
close  double  stars. 

The  Real  Orbit. 

As  the  Newtonian  law  of  gravitation  has  satisfied  obser- 
vations for  a  hundred  years  in  our  solar  system,  it  is  nat- 


ural to  extend  this  law  to  stellar  systems ;  and  in  order  to 
pass  to  the  real  orbit  of  the  stars  in  space  we  assume  this 
law.  In  this  case  the  principal  star  will  be  at  the  focus  of 
the  real  ellipse.  If  a  good  graphical  construction  of  the 
apparent  orbit  be  made,  we  can  pass  to  the  real  orbit  by 
means  of  the  elegant  method  given  by  Thiele,  A.N.  LII. 
Let  S  be  the  place  of  the  principal  star  in  the  apparent 
orbit,  and  draw  the  elliptical  chord  A  SB  as  often  as  we 
please.  Measure  the  segments  AS,  BS,  for  each  chord,  and 
compute  the  harmonic  mean,  SC,  for  every  pair  of  seg- 
ments by  the  formula 


2 
~SC 


SA        SB 


and  lay  off  SC  on  the  chord  from  S  in  both  directions. 
The  points  C  lie  on  an  ellipse  whose  center  is  S.  The  ma- 
jor axis  of  this  auxiliary  ellipse  will  be  the  parameter  of 
the  real  ellipse,  and  the  direction  of  the  major  axis  of  the 
auxiliary  ellipse  is  the  line  of  nodes.  The  ratio  of  the 
principal  axes  of  the  auxiliary  ellipse  will  give  the  inclina- 
tion of  the  real  orbit  to  the  apparent  orbit.  This  forms  an 
easj  graphical  solution,  and  it  is  sufficiently  accurate  for 
most  cases.  The  principle  on  which  Thiele's  construction 
depends  is  the  following:  —  If  in  the  plane  of  the  real 
orbit  a  focal  chord  be  drawn,  the  harmonic  mean  of  the 
segments  of  this  chord  made  by  the  focal  point  is  the  semi- 
parameter.     This  follows  from  the  equation  of  the  ellipse 


1    +f   ri 

One  of  the  segments  will  be 

r  p 

1  4-  e  cos  v 

J' 


and  the  other 


r.  = 


1  —  e  cos  >■ 


Hence 


--  =  1  +  L 
/'     ''i 

or p  is  the  harmonic  mean  of  i\  and  r2.  If  therefore  we 
draw  a  circle  in  the  plane  of  the  real  orbit  with  the  focus 
a  -  center,  and  with  radius  y/,  the  harmonic  mean  of  all  the 
segments  of  focal  chords  will  lie  on  the  circumference  oi 
this  circle.  When  this  circle  is  projected  on  the  plane  of 
the  apparent  orbit  it  becomes  Thiele's  auxiliary  ellipse. 

Since  the  centers  of  the  real  and  apparent  ellipses  coin- 
cide, and  in  the  real  ellipse  the  center,  focus,  and  periastron 
lie  on  a  right  line,  these  points  will  also  lie  on  a  right  line 
in  the  projected,  or  apparent  ellipse  ;  so  that  if  a  right  line 
be  drawn  through  the  center  of  the  apparent  orbit  and  the 
principal  star,  and  extended  to  meet  the  periphery  of  the 
ellipse  we  shall  have  the  points  of  periastron  and  apastron. 
Call  this  diameter  of  the  apparent  orbit  2a,  and  its  conju- 
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gate  23.     Tl xcentricity  of  the  real  orbit  is  not  altered 

by  projection,  and  is  given  by  the  distance  from  the  center 
to  tin-  principal  star  in  the  apparent  orbit,  compared  with 
the  distance  from  the  center  to  the  periphery.  Denote  the 
angle  from  the  north  point  to  the  intersection  of  the  two 
orbits  by  Q,,  and  the  angles  from  the  same  point  to  the  ends 
of  the  axes  of  «  and  (3  by  ./and  /»'.  Imagine  a  plane  drawn 
through  the  extremity  of  the  axis  of  «,  through  the  ex- 
tremitj  of  the  major  axis  of  the  real  orbit,  and  perpendicu- 
lar to  the  line  of  nodes.  It  2a  and  2//  be  the  principal 
axes  of  the  real  ellipse,  a  will  be  the  hypothenuse  of  a  right 
triangle  formed  by  n  itself,  the  trace  of  the  plane  on  the 
real  orbit,  and  the  part  cut  off  on  the  line  of  nodes.  Hence 
we  have 

it-  cos-  (.1  —  Si  )  +  a-  sin2  (A—  Si)  sec-  i  =  a2 
,■   cos2 (B—  Si)  +  p'-  sin2 (B—  Si) sec-  i  =  b- 

where  i  is  the  inclination  of  the  orbit  planes.  The  square 
of  the  chord  joining  the  extremities  of  the  axes  is 

[«  cos  (A—  SI)  -  §  cos  (B-Si)Y 

+  [,t  sin  (.-1- ft)  -  p1  sin(/?-ft)]2  sec" i  =  a*  +  b2 

Subtracting  the  sum  of  the  first  equations  we  have 

sec2;  =  —  cotg(.-i  —  Si)  cotg(B— Si) 

Dividing  the  first  equations,  and  substituting  the  value 
of  sec-  i,  the  result  is 

tcb-  _     _  sin  2  (.g- ft) 
a?8*~         sm2(A-Si) 

/,2 


=  1- 


sin2(.l- 

e",     e  being  the  excentricity, 


Since  the  ratio 

and  a  and  p  are  known  from  the  apparent  orbit,  the  last 
equation  gives  Si-     The  condition  that 

cos2  i  =  tan  (A— Si)  tan  (Si—B) 

must  be  positive  and  less  than  unity,  limits  the  value  of  Si  to 
two  arcs  differing  180°  from  each  other.  Hence  the  ascending 
and  descending  nodes  cannot  be  separated,  and  this  condition 
exists  in  the  nature  of  the  question.  These  formulas  may 
be  used  for  geometrical  construction  or  for  computation. 
Other  formulas  can  be  found  by  using  the  polar  equation  of 
the  ellipse  with  origin  at  the  center.  Since  the  centers  of 
the  two  orbits  coincide,  and  the  point  of  periastron  on  the 
apparent  orbit  is  known,  we  shall  have  by  the  polar  equa- 
tion the  distance  from  the  center  to  this  point,  which  is  the 
projection  of  the  semi-major  axis  of  the  real  orbit.  The 
excentricity  being  known  the  ratio  of  the  real  axes,  2a  and 
2b,  is  also  known ;  and  by  comparing  the  areas  of  the  two 
ellipses  the  product  is  given,  thus 

nli  cos  i  =   a^ 

When  the  stars  have  been  observed  through  one  or  more 
revolutions,  and  the  data  are  sufficient  for  an  accurate  deter- 
mination of  the  orbit,  we  may  need  a  more  general  method 


of  passing  to  the  real  orbit.  Such  a  method  lias  been  given 
by  Prof.  Kowai.sk v.  For  clearness  we  write  equation  (1) 
again  with  a  different  notation: 

A.,--  +  2Hxy  +  I!;/-  +  2Gx  4-  2Fy  +1=0  (3) 

The  five  independent  constants  which  determine  the  ap- 
parent orbit  will  be  found  by  substituting  the  observed 
values  of  .1- and  y,  and  it  is  required  to  express  the  ele- 
ments of  the  real  orbit  in  terms  of  these  constants.  As  the 
line  of  nodes  is  not  altered  by  projection  it  offers  a  means 
of  Comparing  the  equations  of  the  two  orbits.  Since  the 
axis  of  x  in  the  apparent  orbit  is  directed  to  the  north 
point  we  have  to  turn  this  axis  through  the  angle  Si  to  the 
line  id'  nodes,  and  then  the  axis  of  y  through  the  angle* 
into  the  plane  of  the  real  orbit.  We  have  to  substitute 
therefore  in  equation  (3) 

for  x,  the  value     x  cos  Si  —  .'/  sin  Si  cos  I 
for  //,    "        "         x  sin  Si  +  .'/  cos  Si  cos  i 

This  gives 

A(x  ci  >s  Si  —  //  sin  Si  cos  i)- 

+  2  IF  (x  cos  Si  —  U  sin  Si  cos  /)  (a;  sin  Si  + .'/  cos  Si  cos  /) 

+  B(x  sin  Si  +y  cos  Si  cos  if+  2G(x  cos  Si  —  y  sin  Si  cos  i) 

+  2F(x  sin  Si  +y  cos  Si  cos  i)  +  1=0 

The  equation  of  the  real  orbit  referred  to  the  focus  is 
6»  +  "02  +  tr  _  1  =  0 

Let  ).  be  the  angle  from  the  node  to  the  periastron  on 
the  real  orbit,  and  turning  the  axis  of  a:  back  to  the  line 
of  nodes  we  have  the  new  coordinates 

x  cos ).  +  y  sin  /. 
—  x  sin  ).  +  y  cos  1 
and  the  preceding  equation  referred  to  the  line  of  nodes  is 


(x  cos  X+ij  sin ).  +  ae)-        (— x  sin  J.  +  y  cos ).) 


+ 


b2 


•1  =  0 


This  equation  multiplied  by  a  constant  factor  must  give 
the  coefficients  of  the  variables  equal  to  those  in  the  equa- 
tion deduced  from  the  apparent  orbit.  If  r  be  the  multi- 
plier we  have 


=  A  cos2  Si  +  B  sin2  Si  +  H  sin  2  Si  («) 

=  (Ashi1Si+Bcos"-Si-Hsin2Si)cos-i  (p') 

=  (- A  sin2  Si  +  B  sin2  Si  ()') 
+2.Hcos28)cosi 

=  Gcos&  +  F  sin  Si  ($) 

=  (—  G  sin  Si  +F  cos  Si)  cos  i  (=-) 
=  +  1 


■ 

fCQS" 
\     «2 

^  + 

sin2A 

• 

('sin2 

V  «'2 

l  + 

cos2  A 
52    ) 

£ 

^2" 

Is 

)  sin  2;. 

£  . 

e  cos  P. 

a 

e  . 

e  sin  X 
a 

E   . 

if-  1) 

X"-  324. 
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The  last  equation  gives     £   = 


\a\i\   if    we   de- 


note by  ji  the  semi-parameter  of  the  orbit. 

ee  e  f\  1  \        '  ■'-' 

a  p'  '  \<r       b  'J        y- 

The  equations  (A)  and  (O  give 

e  sin/.  =  —  y  .  i  /■'  cos  ft  —  G  sin  ft)  cost 
«?  cos  ;.  =  —  p.(F  sin  &  +  G  cos  ft) 

From  the  multiplication  of  the  same  equations 

6—  sin  2).  =  (F-  sin  2  ft  -  G  -  sin  2 ft  +2FG  cos  2 Q )  cos  i 
P 

From(j'),  -  sin  2/.  =  (— A  sin2ft+.B  sin2ft 

P  +  2// cos  2ft  t  cos/ 

These  equations  give 

,_-)       (F*—G*+A-B)  sin2ft+2(FG-//)  cos2ft  =  0 
If  we  subtract  Q3)  from  («)  we  have  a  value  of     ..  cos 21, 

and  the  difference  ol   bhe  squares  of    ecosi,   and    esinil 

furnishes  another  value.     Equating  these  the  result  is 

i  /•'■—  B) shr'ft  +  <  G*-A)cos2Sl+(FG-B  i sin 2ft 
I  /'  -  /.'»  COS2ft  +  I  G2-  A  )  sin- ft  -  ,  FG-E  )  sin  2ft 

The  forms  of  the  numerator  and  denominator  show  thai 

P  9—P     P+" 

if  we  put   ci  >s-7  = —  and  hence  tan2  i  =  =  — g-^-  —  2. 

w  e  shall  have 

Equation  (ff)  gives 

1 
-.sin-/.—     .  =  (.1  sin- ft  +B  cos2  ft— II  sin2ft)  cos2i 

e2 
andi    I,     ,  sin-/.  =  (F- cos2ft +  &'-sin-ft  — F6'sin2ft)  eo-  / 

and  hence 

1  =[(F2-J5)cos2ft  +  (G2-^)sin2ft-(J'(7-JB)sin1!ft]cos2J 

By    comparing    with    the   expression  for   cos-/  we    find 

— ,  =  P.    and  hence 
P 

2  tan-/ 


COS"  ' 


(!) 


y 


F2+G2-  (-4  +  5) 


l 


From  the  value  of  -  „  it  follows  thai 


—  =  F-+G--  (A+B)  -  (F--B)  cos2ft 

/' "  +  (G  -  -  •  I I  C<  ,s  2  ft  +  2  (  Z-7V  -  //)  sill  2  ft 

and  from  (rt) 


tan2 1 


(6)     — ^  =  (F--G -+-(-/?)  cos: 


-2  FG-E)  sin2ft 


By  the  combination  of  equations  (£)  and  (0)  we  shall 

have 

tai~sin2ft  =  -2  {FG-E) 


p 

tan-/ 


cos  2  ft 


F-- (?-  +  . 1-7/ 


Arranging  the  formulas  for  computation,  Kowalsky's 
s\  stem  is 

—I -  sin  2  ft  =  -2  (FG-E) 

1'- 

^  cos  2ft  =  2?2-G2  +  J-J3 

-,+  ,u"";  =  F2  +  G'-' -(-!  +  £)  M) 

/'-         P'  K 

'    Mil/.  =    —  jnF  ens  Q  —  Q  sin  ft)  cost 

e  cos  /.  =  —  p  (F  sin  ft  +  6  cos  ft ) 

P 
"  =  1=? 

These  elegant  and  convenient  formulas  were  given  by 
Professsor  Kowalskv  in  1ST.'!,  but  1  have  no1  been  able  to 
find  his  work.  They  were  published  by  Professor  Glas- 
enapp  in  the  Monthly  Notices,Yo\.  i'.K  p.  278.  Convenient 
ilas  have  Keen  given  by  Professor  Sekliger,  and  pub- 
lished by  l>r.  S kk. 

In  this  connection  Professor  Glasenapp  has  proposed  a 
simple  and  easy  method  of  determining  the  coefficients  of 
equation  (3),  in  the  case  where  a  good  drawing  of  the  ap- 
parent orbit  has  been  made  and  it  is  not  thought  worth 
while  to  find  these  coefficients  by  the  method  ol  least 
squares.     He  puts  y  =  0,  and  the  roots  of  the  quadratic 

Ax*  +  2Gx  +  1=0 

are  the  values  of  x  at  the  points  where  the  orbit  cuts  the 
axis  of  x.  If  these  values  are  measured,  and  called  r,  and 
x2,  the  thoon  of  equations  gives 

»]  +  x2 


A  = 


G  = 


-  '  i ■' 


In  the  same  way  by  putting  x  =  0 

.'':  +  !h 


B  = 


//./A: 


F  = 


To  find  II  a  fifth  point  must  be  taken,  such  that  xy  has  a 
great  value : 


H  = 


Ax-  +  By-  +  2Gx  +  2Fy  +  1 
2xy 


Several  points  may  be  used  for  computing  H  and  the 
mean  value  adopted. 

Alter  (dements  have  been  found  by  formulas  (A)  we  have 
to  compute  the  position  of  the  star  in  the  real  ellipse  at  the 

time  of  observation,  and  thence  find  the  mean  motion  and 
the  time  of  periastron.  Let  the  true,  the  excentricand  the 
mean  anomalies  be  V,  /.'.  and  .1/.  If  now  /,  be  an  observed 
angle  of  position,  the  right  spherical  triangle  between  the 
noile  and  the  arcs  on  the  apparent  and  real  orbits 


tan(ti  +  ;.) 


tan  (p—  ft) 


cost 


'.'I 
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In  the  plane  of  the  real   orbit,  we  have  the  known  for- 
mulas 

'l-e\l 


tan  i  E  = 


Ian  I  r 


.1/  =  E  —  e  sin  /•: 

Then  M  =  n(t-  T) 

where  n  is  the  mean  motion  in  a  tropical  year,  and  T  is  the 
time  of  periastron.  n  will  be  found  from  values  of  M  at 
distant  epochs,  and  then  T  will  follow. 

After  the  orbit  has  been  found  we  shall  have  the  inverse 
problem  of  computing  the  angle  of  position  and  the  dis- 
tance of  tin'  stars  at  a  given  time.  For  this  time  the  mean 
anomaly  will  be  known,  and  the  excentric  anomaly  will  be 
found  from  the  equation 

sin  u  sin  U  =  cos  Si 
sin  a  cos  U  —  —  sin  Si  cos  i 
a  sin  u  sin  (  U+X)  =  q  sin  V 
b  sin  u  cos  (  (7+ ).)  —  q  cos  V 
—  eq  si  a  V  =  k 


E  =  M+  e  sin  E 

This  equation  can  be  solved  by  trial,  or  by  the  help  of 
tables  like  those  of  Astkaxh  ;  from  A' we  compute  the  true 
anomaly.  The  angle  of  position  and  the  distance  follow 
from  the  equations 


tan  (y/—  Si)  =  tan  (>•  +  ).)  cost 
s  =  a(l  —  e  cos  /:' ) 


cos  (y  + I) 
cos  (p— Si) 


(4) 


If  preferred  the  angle  of  position  and  the  distance  may 
be  computed  by  a  method  similar  to  that  of  Gauss  for  a 
planet.  As  given  by  Encke  the  necessary  formulas  are  as 
follows  : 

sin  h'  sin[7'  =  sin  Q 

sin  u'  cosJJ'  =  cos  £2  cos  i 
a  sm  u' sin  (11'  + X)  =  q'  sin  V 
b  sin  u'  cos(C7'+P.)  =  q'  cos  V 


■  e  q 


sili  7''  =  Jr 


s  smp  =  q'  sin(.E+  V)  +  k' 
s  cos^  =  q  sin  (E+  V)  +  /,' 


It  is  customary  after  a  comparison  with  the  observations 
and  finding  the  residuals  to  compute  equations  of  condition 
and  correct  the  orbit  by  the  method  of  least  squares.  On 
account  of  the  great  uncertainty  of  most  of  the  orbits  this 
appears  to  be  generally  a  useless  labor,  but  no  doubt  the 
practice  will  be  continued,  and  the  desire  to  obtain  the 
best  result  is  a  good  one.  The  coefficients  in  the  equations 
of  condition  are  the  partial  derivatives  of  the  angle  and 
distance  with  respect  to  the  elements,  and  may  be  found 
from  equations  (4).  Since  the  systematic  errors  of  the 
distance  are  large  it  is  best  to  use  the  angle  only.  If  we 
put  the  excentricity  =  sin  <p ,  the  form  of  the  equation  of 
condition  is 

a/ISi  +  hJl  +  czlX  +  dJV  +  eJM0+fJn  +  C-0  =  0 


The  coefficients  have  the  values, 


+  1 


(2  —  ecosE—  e-)su\E 


(1- 


b  =  —  sini  tan(y+l)  cos'2Q>—  Si) 


■ecosE)- 

COS<p 


cos- (p— Si) 


cos  < 


(1  —  ecosE)-  ' 
f=  (t-T).e 


cos"(o  +  l) 

In  such  equations  the  coefficients  should  be  reduced  to 
the  same  numerical  order  by  the  introduction  of  multipliers, 
as  this  will  facilitate  the  solution. 

Under  the  assumed  law  of  attraction  we  shall  have  the 
known  equation, 

sV  =  in  +  in' 
where  m  and  m'  are  the  masses  of   the  stars.     The  semi- 
major  axis  a  is  expressed  iir  seconds  of  arc,  and  in  order 
to  give  it  a  definite  meaning,  and  to  express  the  sum  of  the 


masses  of  the  stars  in  terms  of  the  mass  of  our  sun,  we 
must  know  the  distance  of  the  double  star,  or  its  parallax. 
As  n  is  the  mean  orbital  motion  of  the  stars  we  may  write 

An-ir  =  P1.  (m  +  m') 
P  is  the  period  of  revolution,  the  unit  of  time  being  a 
year.     If  we  take  the  mass  of  our  sun  as  the  unit  of  mass, 
and  the  earth's  mean  distance  from  the  sun  as  the  unit  of 

length,  we  have 

in2  =  1  +  M 

where  /a  is  the  mass  of  the  Earth.  If  we  denote  by  p1  the 
annual  parallax  of  the  star,  then, 

ps/8 


Pi  V1+M 

a  and  p1  are  expressed  in  seconds  of  arc.  This  equation 
will  give  the  sum  of  the  masses  of  the  stars  when  the  par- 
allax is  known.  We  can  not  find  the  ratio  of  m  to  m'  with- 
out further  data.  By  assuming  numerical  values  of  m  +  m', 
such  as  1,  2,  &c,  we  could  inversely  compute  values  of  the 
parallax.     These  values  are  called  hypothetical  values. 

Or/>it  of  fn'  Herculis. 
As  an  application  of  the  preceding  formulas  the  orbit  of 
/jj  Herculis  has  beeu  computed.  These  stars  are  only  of 
the  10th  and  11th  magnitudes,  and  as  might  be  expected 
the  observations  are  discordant.  They  were  reduced  to 
rectangular  coordinates  and  plotted  on  a  scale  of  four  inches 
to  a  second  of  arc.  A  curve  was  drawn  through  the  points, 
and  an  orbit  was  computed  by  Glasenapp's  method.  It 
appeared  that  the  distance  from  the  node,  or  I,  was  not 
well  separated  from  M0.     ).  was  changed  to  satisfy  some  of 


X"  :;lm. 
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the  better  observations   and  the  following  elements  were 
found  : 


T 

= 

1880.43 

a 

= 

(34.74  ) 

i 

= 

182.91  ^1881 

i 

= 

67.10) 

e 

= 

0.1710 

a 

= 

1.356 

P 

= 

42.53  years 

Ten  normal  positions   were  tlien  formed  from  the  ob- 


served angles,  and  these 
them.     The  restdts  are 
Date 

1860.08 
1866.06 

lSGN.O: 

1873.99 
1877.67 
L881.49 
1884.94 
1888.17 
I890.5d 
1894.50 


elements  were   compared   with 


P 

<;.;;:;:; 

85.67 

99.90 

193.93 

231.54 

251.78 

278.58 

331.11 

10.79 

:;s.3.s 


c  — o 

+L73 
+1.32 
-0.55 
4-4.67 
+0.52 
-0.78 
-4.35 
-2.47 
+3.37 
+  6.(30 


The  equations  of  condition  are 


Residuals 


+ 1.000  JQ 

+1.000 

+1.000 

+1.000 

+1.000 

+  1.000 

+1.000 

+  1.0IIO 

+1.( 

+  1.000 


-0438  H 

-0.830 

-1.107 

+  1.183 
+0.507 
-0.257 
-1.014 
-0.250 
+1.161 
+  0.753 


+0.396  /;. 

+  0.702 
+  1.092 
+1.523 

+0.494 
+  0.415 
+  0.918 
+2.548 
+  1.(390 
+0.(3:  !8 


-0.072  L- 
—0.921 
-1.788 
-3.010 

-0.585 
+0.203 

+  1.556 
+  5.101 
+3.240 

+  0.871 


+0.285  IV 
+  o.563 
+0.943 
+  1.7(31 
+0.676 
+  o.591 

+  1.170 
+2.749 
+1.616 
+0.520 


-0.581  An   +1.73  = 

-0.809  +1.32  = 

—1.165  —0.55  = 

-1.134  +4.(37  = 

-0.186  +C52  = 

+0.063  -0.78  = 

+0.528  -4.35  = 

+2.128  -2.47  = 

+1.629  +3.37  = 

+0.731  +6.60  = 


—0.06 
+  1.93 

+  1.00 

—0.24 

-2.80 
-1.54 
-1.98 
-0.50 
+0.35 
+  3.39 


-0.001 
+0.039 
+0.016 
-0  003 
-0.051 
-0.029 
-0.(11'  7 
-0.005 
+0.004 

+  O.OSH 


The  coefficients  show  the  difficulty  of  separating  dX  and 

/.I/,.     I  have  therefore  united  these  corrections  and  taken 
the  mean  of  their  coefficients.     The  solution  gives: 


New  Elements 

JSi    =    -2.09 

T  =  1880.4:; 

Ji  =   -3.28 

Si  =     62°.65 

JQ.+JQ   =    +0.96 

;.  =  183  .87 

J9  =   -0.1024 

i  =     63  .82 

loj»  =    +0.8814 

e  =       0  .16922 

a   =       1".356 

P   =     42.09  years 

IMq  has  been  put  equal  zero,  and  I  have  retained  the 
value  of  a  found  from   the  plot,  because  as  will  be  seen 


from  the  following  table  the  personal  errors  in  measuring 
the  distance  of  this  star  are  very  great.  It  is  customary 
to  compute  a  for  each  observer  by  means  of  the  second  of 
equations  (4),  and  thence  derive  a  mean  value  of  this  ele- 
ment. It  is  probable  that  the  period  is  several  years  greater 
than  the  above.  In  the  following  table  I  have  compared 
the  observations  with  the  last  elements,  omitting  a  few  com- 
parisons where  then'  is  evidently  some  mistake,  or  where  the 
observer  has  indicated  an  uncertainty.  The  angles  are  re- 
duced to  1880.  The  formulas  for  the  angle  and  distance  are 
the  following,  the  c<  instants  being  expressed  in  seconds  of  arc : 

ssinp  =  [0.0916]  sin(JE+261°.02)  +  0.2065 
sao%p=  [9.9101]  sin(£+313°.91)  +  0.0991 


Date 

P 

-J;> 

s 

as 

No 

Observer 

Date 

P 

dp 

s 

J^ 

No. 

Observer 

1857.50 

59.12 

+   0.05 

1.818 

— 0*253 

2 

Dawes 

1869.7:; 

130.83 

—12.22 

B 

w 

1 

Winlock 

57.85 

71.60 

—11.  -16 

1 .  738 

—0.166 

1 

Seech i 

69.73      111.68 

+   6.93 

,        . 

.      , 

2 

Peirce 

59.70 

60.25 

+   4.97 

2.054 

—0.477 

3 

Dawes 

71.51    (100.0) 

.       , 

(0.6) 

.     . 

1 

Wilson 

60.30 

67.57 

—  0.70 

1.64 

—0.074 

1 

Struve 

71.51    (100.9) 

■ 

(0.6) 

, 

1 

Gledhill 

62.83 

78.39 

—  3.91 

1.50 

—0.032 

1 

Struve 

71.52 

156.74 

—  8.19 

0.62 

—0.024 

1 

S     1 1  ve 

64.43 

77.49 

+    2.70 

1.806 

—0.493 

1 

Dawes 

73.50 

(90.0) 

. 

.       . 

1 

and 

SinlircM.ke 

64. 49 

67.40 

+  13.04 

1.7 

—0.381 

1 

Engelmann 

73.50      185.46 

+   0.36 

0.63 

+  0.015 

1 

Struve 

64.76 

78.69 

+  2.88 

1.76 

—0.480 

1 

Winnecke 

74.48     202.40 

—  2.19 

0.755 

—0.025 

4 

Newcomb 

65.43a 

80.44 

+  3.92 

1.838 

—0.625 

1 

Knott 

74.64    (100.5) 

, 

t    . 

,       , 

2 

Gledhill 

65.44 

81.93 

+   2.48 

1.27 

—  0.058 

5 

Dembowski 

75.58     215.16 

—  2. 03 

.    , 

,       , 

6 

Schiaparelli 

66.59 

86.21 

+   4.40 

,       , 

,       , 

1 

Winlock 

75.69      225.87     —12.24 

,    , 

B       a 

1 

Newcomb 

66.56 

86.21 

+   4.20 

.       . 

,       , 

1 

S     rle 

75.696 

220.59 

—  6.96 

(1.180) 

,       , 

5 

Hall 

66.68 

89.41 

+   1.76 

1.100 

—0.029 

2 

Struve 

75.70 

217.57 

—  3.84 

. 

.       . 

1 

Holdeu 

67.59 

92.92 

+    4.22 

1 

Winlock 

76.59 

223.38 

—  2.21 

0.720 

+0.226 

4 

Hall 

67.58 

97.82 

—  0.75 

m       , 

§       . 

3 

S    trie 

76  58 

216.03     +   5.06 

0.83 

+  0.114 

4 

Dembowski 

68.50 

97.63 

+   7.16 

0.88 

—0.027 

1 

Struve 

76.60 

228.68     —  7. 42 

1.012 

—0.066 

4 

-     uve 

1868.61 

106.33 

—  0.37 

•    • 

■    • 

1 

Winlock 

1877.47c 

235.98    —  8.59 

•    • 

•    • 

1 

Seabrooke 

96 
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Date 

P 

4p 

* 

as 

No. 

<  Ibserver 

Date 

P 

Jp 

s 

J.S 

No. 

Observer 

1*77. 59& 

227^89 

+ 

0.31 

(0.8) 

it 

5 

Scbiaparelli 

1883.63 

274.82 



10.42 

// 

5 

Scbiaparelli 

77.59 

232.79 

— 

1.59 

0.850 

+  0.179 

2 

Hall 

M.H6 

260.62 

+ 

6.24 

0.615 

+  0.289 

7 

Eugelmann 

77.62 

229.86 

— 

1.56 

0.925 

+  0.107 

4 

Dembowski 

84.64 

273.40 

0.00 

0.650 

+  0.184 

3 

Hall 

77.89 

235.62 

— 

5.42 

1.127 

—0.075 

3 

Struve 

85.45 

269. 13 

+  13.42 

1.15 

—0.413 

1 

Holetschek 

78.48 

234.89 

— 

1.28 

1.05 

+  0.035 

6 

Burnham 

85.56 

288.06 

— 

4.12 

0.610 

+  0.115 

3 

Hall 

78.50 

233.79 

— 

0.06 

0.88 

+  0.207 

1 

Hall 

85.57 

267.13 

+  16.94 

. 

.        , 

1 

Holetschek 

79.  15 

242.70 

— 

3.65 

0.90 

+  0.221 

5 

Buniliaui 

86.60 

300.16 

— 

0.75 

h.:;m; 

+  0.244 

5 

Hall 

79.55 

239.47 

+ 

0.18 

0.970 

+  0.151 

3 

Hall 

87.54 

318.39 

— 

1.06 

0.49 

+  0.091 

6 

Scbiaparelli 

79.75c 

(134.75) 

. 

. 

, 

. 

11 

Seabrooke 

87.58 

321.52 

— 

3.35 

0.423 

+  0.157 

3 

Hall 

80.46c 

(230.23) 

. 

(0.7) 

. 

5 

Scbiaparelli 

88.47 

330.80 

+ 

5.80 

0.63 

—0.050 

3 

Tarrant 

80.47 

245.90 

— 

1.33 

ii.  :><; 

+  0.1C3 

7 

Burnham 

,s.s.c,;j 

343.33 

— 

3.55 

0.43 

+  0.153 

11 

Scbiaparelli 

80.65 

246.28 

— 

0.73 

1.005 

+  0.114 

4 

Hall 

88.63 

34  1.50 

— 

1.77 

0.388 

+  0.195 

4 

Hall 

80.78 

246.50 

— 

0.24 

1.180 

—0.062 

3 

Frisby 

89.51 

357.84 

— 

1.66 

0.55 

+  0.088 

4 

Burnham 

81.41 

252.11 

— 

2.31 

0.92 

+  0.175 

5 

Burnham 

89.65 

0.68 

— 

2.11 

0.345 

+  0.302 

4 

Hall 

81.52 

254.14 

— 

3.77 

0.87 

+  0.220 

3 

Ilougb 

90.38 

9.46 

— 

0.19 

0.66 

+  0.063 

4 

Burnham 

81.55 

249.09 

+ 

1.4  2 

1.008 

+  0.082 

5 

Hall 

90.55 

13.28 

— 

2.03 

0.512 

+  0.213 

4 

Hall 

82.52 

259.14 

— 

2.(17 

0.702 

+  0.327 

4 

Hall 

91.38 

18.57 

+ 

2.12 

0.72 

+  0.120 

3 

Burubam 

82.53 

261.62 

— 

5.08 

0.900 

+  0.128 

3 

Hough 

91.57 

24.89 

— 

2.31 

0.540 

+  0.318 

4 

Hall 

82.60 

266.79 

— 

9.80 

.       . 

7 

Scbiaparelli 

92.37 

28.87 

+ 

0.32 

0.89 

+  0.069 

3 

Burnham 

83.09 

264.97 

— 

4.52 

0.962 

—0.071 

4 

Struve 

92.65 

31.65 

— 

0.38 

0.835 

+  0.157 

4 

Hall 

83.53 

262.12 

+ 

1.46 

(1.74 

+  0.200 

3 

Burnham 

94.19 

37.19 

+ 

2.97 

1.45 

—0.272 

2 

Barnard 

83.57 

261.05 

+ 

2.90 

0.837 

f  0.099 

3 

Hough 

94.46 

38.04 

+ 

3.40 

0.952 

+  0.255 

4 

Hough 

83.58 

262.95 

+ 

1.02 

0.663 

+  0.270 

3 

Hall 

94.52 

48.02 

— 

6.29 

1.44. 

—0.234 

2 

Flint 

1883.58 

261.42 

+ 

2.55 

0.S65 

+  0.068 

2 

Frisby 

1894.54 

38.72 

+ 

3.11 

1.168 

+  0.048 

3 

Stone 

a,     very  difficult.  6,     s  uncertain. 

In  the  discussion  of  bis  work  on  double  stars  W.  Stkuve 
pointed  out  the  need  of  confining  observations  to  the  brighter 
pairs,  in  order  that  the  data  may  be  sufficient  for  an  ac- 
curate knowledge  of  the  motions.  Certainly  the  necessity 
of  continuous  and  accurate  observations  is  very  great  in  this 
branch  of  astronomy.     The   sporadic   observations  are   of 

1894  July  26. 


c,    uncertain. 

little  use.  A  catalogue  of  the  double  stars  known  to  be 
physically  connected  would  be  useful,  since  it  would  tend 
to  direct  the  attention  of  astronomers  to  objects  that  should 
be  steadily  observed.  But  such  a  catalogue  should  include 
stars  like  /J  Heroulis,  and  other  faint  pairs  of  rapid  motion 
which  have  been  recently  discovered. 


ANNOUNCEMENT   OF   ESTABLISHMENT   OF  THE   LOWELL   OBSERVATORY. 

[From  a  letter  to  the  Editor.] 
I  beg  to  inform  you  officially  that  I  have  put  up  a  temporary  observatory,  known  as  the  Lowell  Observatory, 
at  Flagstaff,  Arizona  Territory,  in  longitude  111°  40'  W.,  latitude  35°  11'  N.,  chiefly  for  the  study  of  the  planet  Mars 
during  the  present  year.     My  astronomical  address  is  at  the  observatory. 

Percival  Lowell,  Director  Lowell  Observatory. 


REQUEST   FOR   OBSERVATIONS   OF   COMET  1879  V. 

I  have  taken  up  the  investigation  of  the  orbit  of  comet  1879  V,  and  would  like  to  receive  at  once  any  unpublished 
observations.  Kukt  Laves. 


COBBIGENDTM. 


No.  321,  p.  69,  col.  2,  line — 2,    for    minima    put     maxima. 


CONTEXTS. 
Tin:  Orbits  of  Double  Stars,  by  Prof.  A.  Hall. 
Announcement  of  Establishment  of  the  Lowell  Observatory. 
Bequest  for  Observations  of  Comet  1S79  V. 
Corrigendum. 
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MICROMETRICAL   OBSERVATIONS  OF   THE  FIFTH   SATELLITE   OF  JUPITER 

DURING   THE  OPPOSITION   OF   1893,  WITH  MEASURES   OF 

DIAMETERS  OF   JUPITER,   1892-4, 

MADE   WITH   THE  36-INCH    EQUATORIAL   OF   THE    LICK   OBSERVATORY, 

Bt   E.   E.   BARNARD. 


Designation  of  the  Satellite.  So  far  no  name  has  been 
given  to  the  iiru  satellite.     This  is  principally  because  the 

mythological  names  long  ago  assigned  to  the  other  four  are 
never  used  in  practice,  and  promise  eventually  to  be  alto- 
gether dropped.  It  is  far  mure  convenient  to  speak  of 
these  moons  as  I.  11.111  and  IV,  than  to  write  or  say  Io, 
JSuropa,  Ganymede  and  Callisto. 

The  numerals,  to  me  at  least,  stand  as  names,  and  do 
not  necessarily  have  any  bearing  on  the  relative  distances 
of  the  satellites.  It  would  be  dangerous  and  absurd  to 
change  the  present  notation  to  introduce  the  new  satellite 
as  I,  and  it  would  be  equally  absurd  to  call  it  0,  as  some 
have  suggested,  for  we  can  not  tell  what  development  the 
greal  telescopes  of  the  future  may  bring  about  in  the  Jovian 
satellite-system. 

I  think,  therefore,  that  this  new  moon  should  continue 
to  be  called  the  "Fifth  Satellite."  or  Satellite  V,  as  I  have 
always  called  it.  This  will  also  be  correct  if  we  assume 
the  other  satellites  were  numbered  in  the  order  of  discovery, 
which  can  be  done  without  violating  the  facts. 

There  is  certainly  nothing  to  be  gained  by  giving  this 
nliject  :i  special  mythological  name.  However,  if  it  is  the 
general  desire  of  astronomers  that  it  should  bear  such  a 
name,  I  will  select  one  for  it. 

The  other  satellites  of  the  solar. system  (except  that  of 
Neptune)  are  suitably  named,  and  these  names  have  come 
into  regular  use.  Why  not  let  the  magnificent  Jovian  s\  s- 
tem  differ  from  all  the  rest  by  a  different  order  of  nomen- 
clature '.' 

Brightness.  Xo  opportunity  has  yet  offered  for  a  direct 
comparison  of  the  satellite  and  a  star,  so  that  its  light  is 
still  undetermined  with  certainty.  From  numerous  con- 
siderations, however,  I  am  confident  it  cannot  be  brighter 
than  13",  which  should,  for  the  present  at  least,  be  con- 
sidered to  represent  its  brightness. 


Visibility  at  Different  <  Oppositions.  Telescopes  capable  of 
dealing  with  it  should  secure  as  many  observations  of  this 
satellite  as  possible  during  the  next  two  or  three  oppo- 
sitions, as  it  is  probable  it  will  not  be  observable  with  e\  en 
the  36-inch  when  the  planet  runs  low  south  at  the  fainter 
apparitions. 

The  following  table  will  show  the  relative  brightness  at 
different  oppositions  throughout  a  revolution  of  Jupiter 
about  the  sun.  The  light  at  the  time  of  discovery,  1892 
Sept.  9,  is  taken  as  unity. 


Opposition 

Brightness 

( tpposition 

Brightness 

1 885 

(1.74 

1892 

1.08 

1SS6 

0.70 

1893 

1.01 

L887 

0.71 

1894 

0.90 

1 888 

0.76 

1895 

- 

1889 

0.85 

1896 

0.80 

IS',  to 

0.97 

1897 

('. 71' 

1891 

1 .06 

When  seen  last  at  the  opposition  of  1892,  1893  dan.  S.  its 
light  was  0.69,  and  at  reobservation,  1893  Sept.  '■'•.  it  was  0.75. 

The  Micrometer-Measures.  Following  are  tic-  measures 
thai  I  have  been  aide  to  obtain  during  the  past  opposition. 
As  in  the  previous  work,  the  planet  has  been  obscured  bj 
a  piece  of  smoked  mica,  thus  preventing  the  eye  from  be- 
ing blinded  to  the  light  of  tin1  satellite. 

The  direct  measures  were  made  from  the  nearest  limb  of 
the  planet,  and  have  been  corrected  for  phase  by  Mabth's 
invaluable  ephemeris.  No  correction  has  been  applied  for 
refraction.  The  observations  have  been  made  throughout 
with  a  magnifying  power  of  350. 

The  satellite  has  been  fainter  this  opposition,  but   nol 
more  than  could  be  accounted  for  by  increase  of  disti 
and  poor  seeing. 

The  records,  as  in  all  the  previous  observations,  are  in 
Standard  Pacific  Time,  which  is  8  hours  slow  of  Greenwich. 

(97) 
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The  accuracy  in  some  of  the  measures  has  been  more  or 
less  vitiated  bj  the  vibration  of  the  telescope-tube  from  the 
wind  blowing  upon  it  through  the  observing  slit,  and  ao1 
through  am  fault  in  the  construction  of  the  telescope  itself . 

Ami  1  would  here  once  more  emphatically  fall  attention 
to  tin-  absolute  necessity,  in  building  domes  for  large  tele- 
scopes, of  a  wind-break  for  the  observing  slit.  It  takes  bul 
a  little  breeze  blowing  upon  the  great  length  of  tube  to  set 
it  iii  vibration,  and  when  in  this  condition  it  is  exasperal  ing 
in  the  extreme  to  atteinpl  measures  of  objects  u". 5  or  so 
apart— the  greater  the  distance  the  more  difficult  and  un- 
certain are  the  measures. 


The  great  telescopes  of  Nice  and  Meudon  are  supplied 
with    these   wind-breaks;  the   one   at    .Meudon    being,   1 

think,  the  most  effective.  This  was  designed  and  made  by 
M.  (I  \i  rmi:i;.  It  consists  of  a  ramus  curtain,  running  up 
in  the  slit,  and  which  is  easily  drawn  to  any  desired  heigh! 

by  a  cord  hanging  within  reach  of  tl bserver.     Such  a 

cout  rivance  insures  accuracy  and  expediency  in  micrometer- 
work  with  big  telescopes.  I  should  think  it  would  also 
improve  the  definition,  as  it  would  prevent  the  air  in  the 
dome  being  set  in  commotion.  It  is  never  wanted  above 
the  glass,  and  that  portion  id'  the  slit  is  open  for  a  gentle 
equalization  of  the  temperature. 


1893  September  3. 

1893  September 

■  17.  — Cont. 

1893 

Septembei 

■  24.  -Cont. 

Standard 

A  from 

A  from 

Standard 

A  from 

A  from 

Standard 

A  from 

A  from 

Pac.  Time 

Circle 

\V.  limb 

center 

l';ic  Time 

Circle 

E.  limb 

center 

Pac.  Time 

Circle 

E.  limb 

center 

h       in       b 

r 

n 

if 

li          III          S 

r 

// 

// 

ll          111          s 

r 

./ 

/. 

13     9  44 

13.333 

32.84 

53.71 

16  58  33 

6.905 

31.64 

53.88 

17     ('.     0 

6.815 

32.81 

55.52 

13  16  14 

13.028 

29.S2 

50.69 

16  59  35 

6.860 

32.08 

54.31' 

17     7  22 

6.707 

33.87 

56.58 

13  21  59 

13.028 

29.82 

50.69 

17     0  15 

6.913 

31.56 

53.S0 

17  is  55 

6.870 

32.20 

54.97 

13  24  54 

12.910 

2S.66 

49.53 

17     1  20 

(i.s.-.s 

32.10 

54.34 

17  20  10 

6.950 

31.47 

54.18 

l:;  27  14 

1 2.971 

29.26 

50.13 

17     2  10 

6.S15 

32.53 

54.77 

17  22  30 

7.015 

30.82 

53.53 

13  28  59 

13.032 

29,86 

50.73 

17     2  55 

6.815 

32.53 

54.77 

17  24     0 

7.05  1 

30.44 

53.15 

13  30  49 

12.849 

28.05 

48.92 

17     3  45 

6.868 

32.00 

54.24 

17  26  35 

7.066 

30.32 

53.03 

l:;  39  29 

12.7.-.7) 

27.12 

47.911 

17     4  35 

6.779 

32.88 

55.12 

A  fr.  S.  limb       fi 

23.92     +2.62 
24.21     +2.91 
23.73     +2.43 

A  fr.  N.  limb 

1893  September  15. 
A  fr.  E.  liml 
16  14  50        8.253      18.36 
16  16     5         8.139       19.49 

> 
40.46 
41.59 

17     5  50 
17     6  25 
17     7  15 
17     8     5 
17     9  10 

6.81  1 
6.854 
6.915 

6.718 
•6.792 

32.54 
32.14 
31.54 
33.49 
32.76 

54.78 
54.38 
53.78 
55.73 
55.00 

15  28  25 
15  20  35 
15  30  35 

7.712 
7.683 

7.732 

16  18  46 

8.010 

20.76 

42.86 

17     9  50 

6.740 

33.27 

55.51 

15  31  30 

12.068 

19.21 

+  2.09 

16  20    10 

8.012 

20.74 

42.84 

17  10  45 

6.760 

33.H7 

5.-..  31 

15  32  30 

12.051 

19.04 

+2.26 

16  22  20 

7.938 

21.48 

4::..-.s 

17  11  45 

6.864 

32.04 

54. 2  8 

15  33  20 

12.045 

18.98 

+  2.32 

16  23  50 
16  25  17 

7.94  1 
7.796 

21.42 
22.88 

43.52 

44.98 

17  12  4(i 

6.844 

32.24 

54.48 

1893  September  25. 

L6  27   U» 

7.873 

22.12 

44.22 

fr.E.limb 

fr.  center 

16  29  33 

7.74S 

23.36^ 

45.46 

1893  September  24. 

15  36     9 

7.727 

23.70 

46.54 

16  30  50 

7.630 

24.53 

46.63 

15     9  17 

S.SSl 

12.35 

35.06 

15  37  23 

7.023 

24.79 

47.57 

16  33  27 

7.599 

24.83 

46.93 

15  10  44 

8.723 

13.91 

36.62 

15  39  18 

7.7>7.~> 

25.27 

48.05 

16  37     0 

7.482 

25.99 

4S.09 

15  12  35 

8.674 

14.40 

37.11 

15  40  23 

7.591 

25.11 

47.89 

16  39  15 

7.:;:  10 

26.90 

49.00 

15  16  34 

S.446 

10.66 

39.37 

15  41    53 

7.518 

25.83 

48.61 

16  41  20 

7.443 

26.38 

48.48 

15  18     5 

8.428 

16.83 

39.54 

15  4.3     8 

7.507 

25.94 

48.72 

16  42  52 

7.339 

27.41 

l'.i.:.l 

15   19  37 

8.391 

17.20 

39.91 

16  59     S 

13.543 

33.83 

56.61 

16  44  33 

7.304 

27.76 

49.86 

15  21     0 

8.289 

18.21 

40.92 

17     0  38 

13.455 

32.0.-. 

.-..-..73 

16  46  20 

7.300 

27.80 

49.90 

15  22  25 

8.272 

1S.3S 

41.00 

17     1  33 

13.402 

33.32 

56.10 

16  47  27 

7.245 

28.34 

5(1.44 

15  23  35 

8.218 

18.91 

41.62 

17     2  33 

13.326 

31.68 

.-.4.46 

16  49     5 

7.:':;.-. 

2S.44 

50.54 

15  25  30 

8.123 

19.85 

42.56 

17  14     1 

13.3,37 

31.78 

54.56 

16  50  15 

7.285 

27.94 

50.04 

15  35  37 

7.795 

23.10 

45.81 

17  15  16 

13.3,1s 

31. SO 

.-.4.07 

16  53  20 

7.17S 

29.00 

51.10 

15  37     0 

7.820 

22.85 

4o.  56 

17  16  43 

13.3. 1 1 

31.82 

-.4.0.0 

15  38  10 

7.805 

23.00 

45.71 

17  19  38 

13.2C.r. 

31.07 

53.85 

1893  September  17. 

15  40  20 

7.725 

23.79 

46.51 

17  22  48 

13.211 

30.54 

53.32 

16  47     5 

7. oc.r, 

30.04 

52.28 

15  41  23 

7.71'd 

23.  St 

46.55 

16  48     3 

7.081 

29.89 

52.13 

15  42  18 

7.616 

24.87 

47.58 

1893  October  1. 

16  48  55 

7.126 

29.45 

51.69 

15  59     6(?) 

7.255 

28.45 

51.16 

15  29  31 

0.0'.  IS 

30.86 

54.03 

16  49  49 

7.037 

30.33 

52.57 

16     0  35 

7.204 

28.95 

51.66 

15  31    25 

7.007 

30.  IS 

53.35 

16  50  55 

7.027 

30.43 

52.67 

16  11  17 

7.029 

30.69 

53.40 

15  32  55 

7.010 

30.7.-. 

53.92 

16  52   L5 

6.996 

30.74 

52.98 

16  13  15 

6.989 

31.08 

53.79 

15  31  30 

6.999 

30.85 

54.02 

16  53  40 

6.961 

31.08 

53.32 

16  16  20 

6.887 

32.09 

54.SO 

15  43  45 

6.902 

31.81 

54.98 

16  54    10 

6.895 

31.74 

53.98 

16  42  30 

6.735 

33.00 

56.31 

16     7     0 

6.697 

33.85 

57.02 

ir.  55  4:; 

6.958 

31.11 

53.35 

16  44  20 

6.845 

32.51 

55.22 

16  13  56 

6.670 

34.02 

7.7.10 

L6  56    in 

6.936 

31.33 

53.57 

16  46     0 

6.690 

34.04 

56.75 

16  15  26 

0.70.-. 

33.77 

56.94 

16  57  42 

6.878 

31.90 

54.14 

17     4  30 

6.787 

33.08 

55. 70 

16  16  34 

0.03S 

34.43 

57.60 

N°-  325. 
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1893  October  1 

.  -  Cont. 

1893  October  16.— Cont 

1S93  November  0.  — Cont 

Standard 

A  from 

A  from 

Standard 

A  In, in 

A  from 

Standard 

A  from 

A  from 

Pac.  Time 

Circle 

E.  limb 

center 

Pac.  Time 

Circle 

E.  limb 

center 

Pac.  T 

me 

E.  limb 

center 

h       in       s 

r 

» 

» 

ll         in         8 

r 

ff 

ll           in           s 

r 

n 

" 

16  l.s     1 

6.698 

33.84 

7,7.IH 

1.3  33 

33 

27.780 

22.03 

46.06 

11  36 

:;, 

26.421 

35.44 

60.21 

16  I'J  38 

6.635 

34.46 

7,7.c,:; 

13  35 

7, 

27.678 

23.04 

17.U7 

11  37 

:;s 

26.380 

:;:,  si 

On. HI 

Hi  14     5 

6.688 

33.93 

7,7.K» 

13  36 

7 

27.580 

24.nl 

48.04 

11  38 

■jr, 

26.320 

36.44 

61.21 

16  24  20 

6.575 

35.05 

58.22 

l:;  37 

7,.~, 

27.604 

23.77 

17.80 

11  45 

■js 

10.317 

36.47 

61.24 

16  25  25 

6.665 

34.16 

57.33 

13  :;•.» 

11 

27.560 

14.11 

18.24 

11  40 

35 

26.299 

36.65 

61.42 

16  54     7 

7.H7.1 

30.34 

7,:  :.7,l 

13  4(1 

13 

27.553 

14. IS 

18.31 

12   47 

7,;; 

26.278 

36.85 

01. (il 

It',  56     4 

7.034 

30.51 

r,:;.c,s 

13    11 

45 

17.7,11 

24.0(1 

18.63 

VJ  49 

ii 

26.342 

36.22 

60.99 

16  :>:  20 

7.117 

29.69 

7,i. si; 

i:;  12 

;,ii 

27.430 

25.50 

49.53 

41  5(1 

•i 

26.289 

36.75 

(il.  7,1 

16  58     7 

7.158 

29.28 

51.47, 

13  44 

6 

27.357 

10.11 

7,ii.l7, 

11  7,1 

35 

26.282 

36.82 

lii. .V.I 

Hi  .-,'.(     .-, 

7.132 

29.54 

52.71 

13  45 

27 

17.380 

25.99 

5(1.02 

li  :,- 

33 

26.345 

36.19 

(in. 'JO 

17     1   I'd 

7.214 

28.73 

51.90 

13  51 

51 

17.17,1 

28.23 

52.26 

ll  7,:; 

40 

26.229 

."7.:;t 

62.11 

17     5  42 

7.240 

28.47 

7,  l.i ',4 

13  56 

32 

27.038 

29.38 

7,:;.  11 

11   7,1 

42 

HI.  17n 

36.93 

61.70 

17    7  52 

7.306 

27.81 

50.98 

13  58 

27 

17.IU0 

29.30 

53.33 

li  55 

33 

Hi.."  17 

36.17 

60.94 

17  Hi   17 

7.425 

26.34 

49.51 

11     ii 

l.s 

26.991 

29.84 

53.87 

li  58 

.",7, 

10.130 

37.27 

62.04 

17    11   52 

7.439 

26.50 

49.67 

17,  29 

29 

26.913 

30.62 

54.65 

ll  59 

28 

1(1.104 

37.02 

61.79 

17    hi  38 

7.7,7.", 

l.s.  1  7 

18.34 

15  30 

7,.-, 

26.835 

31.39 

55.41 

13     1 

14 

26.289 

36.75 

(11.51 

17   17  56 

7.612 

24.78 

4  7. '.17, 

15  32 

52 

26.769 

.",l.i  il 

56.07 

13     i 

4 

26.313 

36.51 

61.28 

17   19  :'•"» 

7.1177, 

i'i. in 

47.33 

15  35 

i» 

26.938 

30.37 

7,1.  In 

13      1 

49 

Ki.:;:;i 

36.32 

61.09 

17L'l    7.M 

7.71H 

23.81 

16.98 

15  36 

:;u 

26.949 

30.26 

54.29 

13     4 

13 

26.282 

36.82 

61.59 

17  23  30 

7.7'.U 

22.98 

16.15 

15    11 

40 

17.169 

28.08 

:,-2. 1 1 

13  45 

15 

27.014 

29.57 

7  1.31 

17  11   7.7, 

7.7'J'.i 

22.93 

16.10 

13  40 

15 

26.903 

30  67 

55.44 

189 

■  29. 

13  47 

30 

26.978 

29.92 

54.69 

1893  October  1'. 

12     '.i 

57 

28.084 

19.04 

13.62 

13  48 

12 

26.970 

.".ii.iiii 

7,  1  .  7  7 

1  1   7,1    16 

7. Ml' 

22  93 

46.17 

12  11 

23 

is. 1174 

19.14 

43.72 

4  4     4 

7,1 

17.47,1 

-:k-j:\ 

7,ii.iiii 

1  1  52  58 

7.SS7> 

ll.il 

45. 17, 

12  16 

in 

27.969 

I'i,  |s 

44.70 

14     7 

10 

27.560 

24.16 

18.93 

11  7  1  59 

7.7C1 

23.41 

16.65 

12  17 

36 

27.805 

21.81 

16.39 

1  1    10 

:,:, 

27.643 

23.34 

18.11 

11  56  53 

7.00:; 

14.41 

47.65 

12  19 

22 

27.867 

11.19 

45.77 

14  11 

33 

17.714 

11. r,l 

4  7.41 

1  l  58  L'.'i 

7.07(1 

24.34 

47.58 

12  20 

m 

27.850 

21.36 

45.94 

14  11 

4." 

17.721 

11.7,1 

47.31 

1  1   7,;i  44 

7.7,14 

25.91 

49.15 

12  22 

0 

27.709 

11.7H 

47.:;  1 

1 1  13 

58 

17.811 

21.67 

16.4  l 

17,     l   36 
17,     2  46 

7.582 
7.518 

25  1 1 

17.  SI 

is  ir, 

! 

1893  Nbvembi     6. 

11  16 
14  17 

18 

13 

27.851 
27.929 

21.17 
1(1.7,1 

46.04 
15.28 

17,     i  36 

7.4S7) 

26.17 

49.44 

11     6 

17 

28.807 

11.81 

•m;.:,s, 

14   19 

4n 

17. in  in 

111.7'.! 

15.56 

17,     7    II 

7.  17,7 

26.45 

49.69 

11      7 

57 

28.845 

11.44 

30.11 

A  t'r.  S.  limb 

15     9  48 

7.311' 

27.79 

51.03 

11     8 

53 

28.713 

11.75 

37. 7,2 

11  39 

30 

27.7.  HI 

24.30 

+  1.07 

17,    11    :,1 

7.314 

I7.se, 

7,  1  .  1  I  l 

11     '.i 

.-,.; 

28.763 

11.15 

37.(12 

11  4(1 

37 

27.526 

11.7,11 

+  1.17 

L5  7,r,  24 

6.728 

33.67 

56.91 

11    11 

12 

28.733 

11..-.7, 

37.32 

11  41 

■jr, 

17.575 

24.01 

+0.78 

17,  58  11 

6.605 

34.88 

58.12 

11  12 

0 

28.645 

13.42 

38.19 

11    11 

7 

27.623 

23.54 

-1-0.31 

16     '.I  .".1 

6.622 

34.72 

7, 7.;  Hi 

11  13 

•"7 

28  625 

13.62 

38.39 

16  12   16 

6.609 

34.85 

58.09 

11  15 

is 

28.385 

15.99 

10.76 

^  fi  X.  lim 

y 

k;  13  i'i 

6.599 

34.95 

58.19 

11  10 

is 

28.451 

15.:;:; 

40.10 

11  47 

57 

32.269 

22.47 

+  (i.70 

16    17,      1 

6.666 

34.28 

7,7.7,1 

11  17 

13 

28.436 

15.49 

40.26 

11  43 

39 

-.■•■::jr,-j 

12.30 

+  H.93 

16   29      f, 

16  ;;n  29 

6.752 
6.809 

33.43 
32.87 

56.67 

5ii.ll 

11  18 

11   27 

45 
."'.1 

28.415 
28.068 

15.7H 
l:i  13 

4(1.47 
13.90 

11  44 
11   45 

7 
ii 

32.273 
32.244 

11.7,1 

+  U.71 
+  1.H1 

ic,  :;i   26 

6.707 

33.87 

7,7.11 

11  28 

'<■', 

28.001 

19.80 

44.57 

ir,  in  38 

6.849 

32.47 

55.71 

11  30 

11 

27.891 

20.88 

45.65 

189; 

16    11'  23 

6.913 

31.83 

7,5.(17 

11  31 

23 

27.862 

11.17 

15.94 

fr.E.limb 

L6   17,  i:; 

6.969 

31.24 

54. 4S 

11  34 

38 

27.789 

21.89 

46.66 

in  56 

38 

27.858 

21.34 

46.19 

ir,  17  :;;; 

7.065 

30.33 

5;;.  7, 7 

11  35 

39 

17.775 

11.113 

16.80 

Ki  58 

8 

27.807 

21. si 

46.69 

L6  in  :;<; 

7.035 

30.63 

53.87 

12  22 

17, 

26.579 

33  -7 

58.64 

10    .V.I 

17 

27.809 

21.82 

16.67 

L6  7,1   :;i 

7.133 

29.66 

7,1.91 1 

12  24 

15 

Hi. 7,  IS 

34.  IS 

58  '.i7, 

11     (i 

3S 

17.77,1 

22.37 

47.22 

ir,  7,:;  16 

7.17.'! 

29.26 

7,1.7,ii 

12  'jr, 

12 

Hi.  470 

34.95 

59.72 

11     1 

33 

27.739 

■sj.r,-j 

17. -"7 

Hi  58  7,| 

7.. 'ill' 

27.88 

51.12 

12  20 

5 

26.515 

34.51 

.V.i.  IS 

11     i 

39 

27.659 

23.31 

48.16 

17     0     1 

7  is  | 

is.  Hi 

51.40 

12  27 

35 

26.589 

33.7S 

5S.55 

11     4 

45 

17.il  Hi 

23. 1 1 

48.29 

17     1    lii 

7.331 

17.7U 

50.94 

12  28 

in 

26.510 

34.56 

59.33 

li  55 

:;.-, 

26.610 

33.70 

58.55 

17  14   lii 

7.7:;:; 

23.72 

46.96 

12  30 

38 

Hi.  447 

.",7,.  IS 

59.95 

li  56 

:,r, 

26.619 

33.H1 

58.46 

17   10    11 

7.7C7, 

23.41 

1 0.1 17, 

12  31 

41) 

26.458 

35.07 

59.84 

11   7,7 

42 

lii.nil 

33.70 

58.55 

12  32 

30 

26.339 

:■.<;-:, 

ill. m 

13     '.i 

7, 

26.849 

31.33 

56.18 

L893  Octoh 

r  16. 

12  33 

in 

26.351 

36.13 

60.90 

1.".  11 

9 

26.875 

.".1.H7 

55.92 

13  31  34 

27.898 

20.86 

14.89 

12  35 

5 

26.378 

35.86 

60.63 

1".  13 

22 

26.954 

30.29 

7,7. 1  1 

LOO 
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L893 

November  11'.  —  Cunt. 

1803  November  23.  — Cont 

1 893  Decembt  r  io.  — Cont 

Standard 

A  from 

A  from 

Standard 

A  from 

A  from 

Standard 

A  from 

Pac.  Time 

Circle 

E.  limb 

cent rr 

Pac.  Time 

Circle 

E.  limb 

center 

Pac.  Time 

<  lircle 

N.limb 

0 

1]        in        B 

r 

// 

ll          111        s 

r 

rr 

v 

ii     in     $ 

r 

i 

* 

13  20    17 

27.169 

28.16 

53.01 

10    11 

8 

is.  70s 

17. 70 

12.65 

s 

50  38 

22.751 

1'1.32 

+  1.51 

l:;  22     7 

27.111 

28.74 

53.59 

io    12 

0 

L8.841 

L7.36 

li.il 

s 

51'   17 

22.811 

21.91 

+  O.01' 

13  23   L9 

27.246 

27.40 

52.25 

10    11' 

13 

is.::,.-, 

L8.21 

43.07 

s 

53     7 

22.772 

21.53 

+  1.30 

l:;  26     5 

27.282 

27.04 

51.89 

10  13 

36 

L8.710 

18.66 

43.52 

8 

51   13 

22.786 

11.07 

+  1.16 

13  27  38 

27.238 

27.  I* 

52.33 

11  40 

31 

10.001' 

36.50 

01.11' 

l:;  28    19 

27.318 

26.69 

51.54 

11  41 

13 

16.883 

36.75 

61.61 

1  CO'2     7» / 1  O 

13  34  22 

27.588 

24.01 

48.86 

11  42 

:;i 

10.  SS| 

:;o.74 

01. 0o 

-LO* 

"  i   i <^. 

l:;  35    18 

27.588 

24.01 

18.86 

11  43 

26 

16.862 

36.95 

01. si 

fr.E.limb  fr.  center 

13  36    is 

27.567 

24.22 

49.07 

11   4  1 

31 

10.S0O 

36.97 

61.83 

10 

30  39 

ls.570 

20.05 

13.84 

l:;  38  52 

27.695 

-1'.!).-. 

47.80 

11  47 

21 

16.922 

36.36 

61.22 

10 

32     i' 

18.613 

19.72 

43.51 

13  4  1  58 

27.810 

21.81 

46.66 

11  48 

49 

16.843 

37.14 

62.00 

10 

33  lo 

18.637 

19.4S 

43.27 

13  44  28 

27.890 

21.02 

45.87 

12  33 

1 

17.470 

30.93 

55.70 

10 

32  59 

is. 710 

is.  70, 

42.55 

A  fr.  S.  lhnl 

>      /s 

12  34 

21 

17.571' 

29.92 

54. 7S 

10 

37  53 

IS. SOI 

17. so, 

41.05 

11  13  59 

27.469 

25.16 

+  1.S5 

12  35 

51 

17.528 

30.36 

55.11' 

11   15     5 

27.453 

25.35 

+  2.04 

12  38 

16 

17.621 

29.44 

54.30 

ISO  1  Jritiit'iri/  10. 

11  15  50 

27.466 

25.22 

+  1.01 

ll'  39 

43 

17.0,07 

28.69 

53.55 

6 

6 

7 
7 

50    'i'i 
59     o 

0  35 

1  50 

is. 106 

I8.00,'.  i 

18.078 

18.048 

33.50 
33.86 

33.7s 
34.07 

55.70 

56.06 

:,.-,.  OS 
56  17 

11  16  33 
11   17  52 

27.519 
32.213 

24.70     +1.39 
A  fr.  N.  limb 

21.78      +1.53 

11'  58 

12  59 

13  1 
13     2 
13     4 
13     5 
13     7 
13     9 
13  10 
13  11 

12  50 
12  51 
12  52 

31 
57 
11 
10 
0 
21 

51 

ll 
16 
49 

23 
16 
13 

18.193 

18.217 
18.276 
18.325 
18.337 
18.404 
18.498 
18.555 
l.s.076 
18.682 

18.369 
18.309 
18.365 

23.77 
23.54 

22.05 

OO     1  — 

4S.03 
48.40 

4  7. si 

11    IS  38      32.157      21.23     +2.08 
11  19  22      32.208      21.73     +1.58 

11  19  58       32.203      21.68     +1.63 

1893  November  13. 

A  t'r.  E.  limb. 

12  26  4S       26.270       36.48       61.34 
11'  29     0      26.301       36.17       61.03 
11'  30  20       26.251       36.67       61.53 
12  31  50       26.313       36.05       60.91 
12  33  23       26.261       36.57       61.43 

__.4i        ti.oo 
22.35       47.21 
21.68       40.54 
20.75       45.61 
20.19       45.05 
18.99       43.85 
18.93       43.70 

A  fr.  s.  limb      /3 
22.03     —1.28 
22.63     -0.68 
22.07         1-24 

i 

7 
i 

i 

7 
7 
7 
7 
7 
7 
7 

3  0 

4  50 

0    10 

7  30 
9  20 

12  5 

13  20 

14  35 

16  20 

17  55 
10  l'o 

lS.osi 
18.101 
1S.108 
18.041 
18.232 
18.04:; 
is.  109 
1S.085 
18.045 
18.114 
IS. os.-, 

33.71' 

:;:;.54 

33.48 
34.14 
:;i'.25 
34.11' 
33.47 
33.71 
34.10 
33.42 
33.71 

55.92 
55.74 
7,5.  OS 
56.34 
54.45 
56.32 
55.67 
55.91 
56.30 
55.62 
55.01 

A  fr.  S.  limt 

i 

21  30 

18.063 

:;:;.92 

56.12 

12  36  50 

27.647 

22.84 

-0  47 

A  fr  X.  limb 

7 

23  15 

1S.0S7 

33.69 

55.89 

12  38     8 

27.622 

23.09 

-0.22 

12  53 

13 

23.158 

25.39 

-2.08 

i 

24  30 

18.279 

31.78 

53.98 

12  39     0 

27.664 

22.68 

-0.63 

12  54 

10 

23.097 

24.78 

-1.47 

7 

25  45 

18.168 

32.S8 

55.08 

A  fr.  N.  linil 

12  55 

8 

23.133 

15.14 

-1.83 

7 

27     0 

18.225 

•    32.32 

54.51' 

12  40  25 

32.460 

24.81 

-1.51 

7 

28  30 

18.133 

33.23 

55.43 

12  41   15 

32.475 

24.96 

-1.05 

1893 

>er  10. 

7 

29  56 

1S.174 

32.83 

55.03 

12  42  15 

32.47.". 

24.96 

-1.65 

fr.E.limb 

fr.  center 

7 

31  50 

18.112 

33.44 

55.64 

I  am  not  able  to  explain  the  discrepancy  in 

S  33 

50 

18.150 

24.18 

4S.44 

7 

33  55 

18.2S7 

31.71 

53.91 

these  latitude-measures. 

There  is  a 

difference 

8  35 

51 

18.124 

24.50 

48.70 

7 

34  55 

ls.335 

31.23 

53.43 

of  about  1"  in  the  latitudes   as   derived   bv 

measures  from  the  south  and  the  north  limbs. 

The   distance-iheasures   from   the    follow- 

8 37 
8  39 

52 
52 

18.019 
lS.oos 

25.54 
25.65 

40.80 
49.91 

i 
7 

36  50 
40     8 

18.266 

18.447 

31.91 
30.11' 

54.11 

52.32 

ing  limbs  seem  to  be  i 

airly  in  ac 

cord  with 

8  42 

15 

17.910 

26.62 

50.88 

7 

42     0 

18.323 

31.35 

53.55 

what  they  should  be,  for  elongation  should 

9     9 

55 

17.239 

33.26 

57.52 

7 

43  25 

18.359 

30.99 

53.19 

have  occurred  at  12h  16'"  at  a  distance  of  61 '.72. 
It  is  evident,  therefore,  that  the  adopted  value 
of  the  wire-coincidence  determined  immedi- 

9 11 
9  12 

17 
23 

17.218 

17.243 

33.47 
33.22 

57.7:; 
57.48 

7 

7 

45  30 
40  30 

18.484 
18.462 

29.76 
29.97 

51.96 
52.17 

ately  at  the  close  of  the  measures  could  have 

9  18 

52 

17.155 

34.09 

58.35 

7 

49  10 

18.4S3 

10.77 

51.97 

nothing  to  do  with  it. 

9  15 

5 

17.175 

33.89 

•  i  8 . 1  o 

7 

50  -jr, 

18.543 

29.17 

51.37 

The  lat  itude  should  have  been  about  — 0".7, 
differing  0".3  from  the  mean  of  the  two  sets  of 
measures. 

9  39 
9  40 

0 
6 

16.961 
16.896 

36.01 
::o.66 

60.27 

60.92 

7 
i 

52  l'o 

^.'t  5o 

18.50,0 

1S..V.IO 

29.00 
28.71 

51.20 
50.91 

1893  November  19. 

9  41 

6 

16.918 

36.44 

60.70 

7 

57  50 

18.670 

27.91 

50.11 

fr.E.limb 

fr.  center 

9  42 

17 

16.932 

36.30 

60.56 

10     5     8 

19.060 

15.19 

40.05 

9  43 

1 

16.888 

36.74 

61.00 

1894  January  28. 

10     C    11 

18.974 

16.H4 

40.90 

A  fr.  S.  liml 

0 

6 

1'7  10 

1S.S51 

26.24 

10.S0 

in     7  36 

18.951 

16.27 

41.13 

8  46 

5 

IS.  195 

23.79 

+0.96 

6 

28  16 

18.969 

15.10 

45.75 

10     8  23 

18.920 

16.58 

41.44 

S    17 

30 

18.168 

24.06 

+  l.i:; 

6 

28  56 

18.  ssi 

25.96 

46.61 

10     9     3 

18.829 

17.48 

42.34 

8  48 

27 

IS.  178 

23.96 

+  1.13 

6 

29  56 

18.959 

25.l'o 

15.85 

10  10     6 

18.910 

16.68 

41.54 

S  49 

25 

18.170 

24.04 

+  1.21 

6 

30  56 

18.936 

25.43 

46.08 
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1891  January 

28.— Cont. 

is:  i| 

January  28 

-Cont. 

1 89 1  January 

28. -( 

Standard 

A  from 

A  from 

Standard 

A  from     A  from 

Standard 

A  from 

A  from 

Pac.  Time 

Circle 

E.limb 

cclllcr 

Pac.  Time 

Circle 

E.  limb      center 

Pac.  Time 

Circl 

E.  limb 

center 

ll           111           3 

r 

// 

// 

h       in      3 

r 

ti                " 

li        in        s 

r 

ff 

6  31  56 

18.982 

2  1.07 

45.62 

6  35    6 

L9.091 

23.89       44.54 

6  41   56 

19.225 

22.57 

13.22 

6  32  41 

18. OS'.) 

24.0(1 

15.55 

6  36  16 

19.034 

24.46      45.11 

6  42  r,f, 

19.289 

21.93 

12.58 

6  33  26 

18.991 

24.88 

45.53 

6  38     6 

10.120 

24.52       15.17 

6  44     3 

19.243 

22.38 

13.03 

6  34  16 

L9.080 

24.00 

44.65 

6  39  26 

19.161 

23.20       13.85 

6    16      3 

L9.353 

24.30 

1  1,95 

Following  is  a  list  of  the  values  of  coincidence  of  trie 
wires  used  in  the  reductions. 


Date 

( loincidei 

Date 

Coincidence 

Sept.    3 

10.016 

Nov.    6 

.••ill'.IIIIO 

L5 

10.107 

12 

30.013 

17 

10.100 

13 

29.954 

24 

10.12S 

19 

20.594 

25 

10.127 

Dec.  10 

2o.5:  is 

Oct.     1 

10,115 

18 

20.60  1 

2 

10.124 

Jan.  10 

21.4S9 

16 

30.005 

28 

21.50  1 

29 

30.007 

In  the  observations  it  has  always  been  customary  to  care- 
fully place  the  wires  parallel  with  the  belts  of  Jupiter,  and 
then,  for  the  equatorial  distances,  to  set  the  wires  perpen- 
dicular to  this  by  the  position-circle,  and  clamp  the  microm- 
eter in  this  position  throughout  the  measures. 

A  record  has  been  kept  of  these  settings,  from  which  the 
following  table  of  position-angles  of  the  belts,  and  conse- 
quently of  the  equator,  has  been  obtained. 

Of  course  if  a  special  series  of  observations  had  been 
made  to  determine  these  quantities,  more  accordant  results 
would  have  been  obtained.  The  number  of  settings  is  indi- 
cated in  brackets,  from  which  the  relative  values  can  be 
interred. 

They  are  a  continuation  of  those  given  in  A. J.,  285-286. 

Position-Angles  or  Jupiter's  Belts. 


1892         i         li       in 

Dec.   29     7  35 

0 

66.5 

[5] 

]  ■''■ 

Nov. 

12 

ll            in 

11  30 

76?7  [3] 

1898 

Nov. 

13 

12     o 

76.3  [1] 

dan.     5     8  10 

65.1 

[1] 

Nov. 

10 

11     0 

76.1  T3] 

•Ian.      S     7  20 

66.0 

[2] 

Dec. 

10 

s     5 

74.0  [4] 

Aug.  27  14     0 

77.5 

[2] 

Dec. 

18 

10  20 

75.4  [1] 

Sept.    3  13    0 

77  2 

[1] 

i-'i 

Sept.  15  15  20 

77.0 

[3] 

Jan. 

10 

6    10 

74.4  [2] 

Sept.  17  16    io 

7s.ii 

[1] 

Jan. 

28 

6  20 

75.5   [1] 

Sept.  24  14  30 

7S.."> 

[1] 

Feb. 

25 

6  30 

75.2  [3] 

Oct.      1  15  20 

77.4 

[1] 

Feb. 

26 

6  30 

75.9  [2] 

(id.     20    12     0 

—  —    o 

1  I  ,o 

[2] 

.Mar. 

11 

6   2  1 

75.4  [lj 

Nov.     6  12  30 

77.4 

[5] 

Measures  of  the  Diametees  of  Jupiter. 

During  the  observations  of  this  satellite  I  have  carried  on 
a  series  of  measures  of  the  equatorial  and  polar  diameters 


of  Jupiter,  to  make  my  scries  of  measures  rest  alone  on  my 
own  work,  and  therefore  more  homogeneous. 

These  measures  iii  the  main  ate  accordant,  and  1 
only  ones  made  with   such  a  powerful    telescope,  should    In- 
valuable outside  of  their  present   purpose. 

in  comparing  these  measures  with  others  made  with 
different  instruments,  1  have  been  surprised  at  the  remark- 
able discrepancy  between  these  (ami  other  filar-micrometer 
measures)  and  measures  made  with  heliometers.  Tin-  filar- 
micrometer  measures  give  a  diameter  about  1"  greater  than 
that  from  the  heliometer. 

This  is  a  peculiarity  which  I  think  is  due  to  the  con- 
dition of  the  images  formed  in  the  heliometer.  From  the 
fact  that  the  images  formed  by  that  instrument  come  from 
two  separate  parts  of  an  object  glass,  one  would  expeel 
them  to  lie  defective,  and  not  clear  cut  and  perfect,  as  in 
the  ease  of  the  image  formed  by  a  single  perfect  objective. 
In  bringing  these  defective  images  in  contact  it  seems  to  me 
that  the  points  of  tangency  would  be  more  or  less  uncertain 
on  account  of  the  poor  images,  and  the  true  diameter  there- 
fore would  not  be  obtained.  It  seems  to  me,  also,  that  for 
measures  of  the  diameters  of  the  planets  the  heliometer  is 
a  defective  instrument,  and  must  lead  to  erroneous  results. 

If,  in  my  measures  of  the  diameters  of  Jnj,ihr,  the  wires 
were  set  1"  nearer  together,  the  limbs  of  the  planet  would 
protrude  beyond  the  wires.  I  therefore  do  not  think  such 
heliometer-measures  should  be  given  preference,  or  even 
equality  with  careful  filar-micrometer  measures  of  the 
planets.  I  can  see  the  advantage  of  the  heliometer  mi  asun  s 
where  the  images  of  the  stars  are  to  be  superposed  —  two 
ill-defined  points  can  be  accurately  enough  superposed,  but 
two  ill-defined  limbs  of  a  planet  can  not  be  brought  to  ac- 
curate tangency. 

I  may  be  wrong  in  my  reference  to  the  poorness  of  the 
image  of  a  planet  in  the  heliometer.  1  have  but  once  seen 
through  such  an  instrument;  the  object,  looked  at  wa  a 
star,  and  it  certainly  appeared  inferior  to  what  would  have 
been  seen  with  a  good  whole  objective. 

I  do  not  think  the  great  light-grasping  power  ha 
thing  to  do  with  the  larger  image,  as  shown  in  the  measures 
of  the  36-inch,  through  irradiation,  for  most  of  the  incisures 
were  made  through  smoked  mica,  which  dulled   the   image 
greatly. 

1  have  reduced  the  measures  of  1802.  previously  printed, 
and  insert  them  here  for  completeness: 
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Filak  M 

(  ROMETEE     M  EAS1   EU  9 

os  the  Diameters 

of  Jupiter. 

Equatorial  Diamete 

Polar  Diameter 

Equatorial  Diamete 

Polar  Diameter 

1892  Gr.  M.T. 

Observ'd 

Phase 

Cor.Val. 

I)ist..V2G  Observ'd  Dist.5.20 

1892  Gr.  M.T. 

( ibserv'd 

Phase 

<  ipr.Tal. 

Dist.5.20 

Observ'd  Dis.5.20 

.1        b 

it 

a 

H 

n 

" 

n 

,i     i 

H 

// 

// 

II 

// 

II 

Julj    8  23.5 

to.  H 

1-0.43 

42.87 

38.81 

38.19 

36.26 

Oct.  16  21.2 

50.25 

0.00 

50.25 

38.25 

18.13 

36.64 

15  23.7 

1 1 .37 

+0.44 

41.81 

38.8  l 

. 

. 

21  19.0 

49.95 

+  0.02 

49.97 

38.16 

16.90 

35.Nl 

22  23.6 

42.27 

1  it  1  1 

11.71 

38.80 

39.87 

36.22 

23  L8.0 

19.81 

+  0.03 

19.84 

38.12 

16.85 

35.84 

29  23.0 

43.00 

+  0.11 

13.44 

38.59 

t0.85 

36.29 

28  17.7 

L9.89 

+  0.05 

19.94 

38.65 

16.66 

35.90 

Aug.   5  23.5 

l  1.08 

+  0.12 

14.50 

38.65 

U.58 

36.11 

Nov.   4  17.1 

49.18 

+  0.10 

19.28 

38.33 

15.87 

35.68 

11'  23.5 

44.78 

+0.39 

45.17 

38.38 

12.83 

36.39 

6  17.0 

19.15 

+  0.11 

19.26 

38.45 

,       . 

t       . 

Sep1  1"  22.5 

48.93 

+  0.16 

49.09 

38.59 

,       . 

. 

11  16.0 

48.53 

+  0.15 

18.68 

38.40 

15.93 

36.23 

11  21.5 

19.11 

+  0.15 

49.26 

38.64 

, 

, 

13  L6.0 

48.29 

+  0.17 

18.46 

38.40 

,       , 

L2  22.0 

18.97 

+  0.14 

40.11 

38.45 

46.01 

36.02 

20  16.1 

47,10 

+0.23 

17.63 

38.41 

44.72 

36.06 

l:;  20.5 
M  20.0 
16  20.0 
23  19.5 

26  1.0 

27  20.5 
Oct.    1  21.0 

2  I'l.ii 

49.18 
19.98 
50.24 
50.26 

+Vl3 
+  0.11 
+0.06 
+0.05 

19.31 
50.09 
50.30 
50.31 

38.46 
38.92 
38.68 
38.58 

t6.10 
46.03 
16.57 

1:7.36 

17.25 

36.03 
35.90 
36.19 
36.42 

36. 17 

Sept.  3  22.4 
15  23.7 

11  22.7 
Oct.    2  23.8 
Nov.   6  18.S 

42.03 
43.96 
45.45 
46.28 
49.70 

+  0,11 

+0.38 

+  0.33 
+0.28 

+  o.o;; 

42.44 
44.34 
15.78 
L6.56 
49.73 

38.39 
38.62 
38.80 
38.58 
38.65 

16.49 

36.17 

50.26 
50.20 

+  0.02 
+  0.02 

50.28 
50.22 

38.35 

38.28 

19  17.:. 
Dec.  10  17.0 

50.00 

o.oo 

50.00 

38.73 

16.87 
15.56 

36.30 
36.03 

7  20.0 

50.51 

o.oo 

51 1  5 1 

38.42 

46.93 

35.69 

Feb.  25  14.8 

38.06 

+0.35 

38.41 

38.24 

36.18 

36.01 

9  19.5 

50.80 

0.00 

50.80 

38.62 

•    • 

•    • 

26  14.7 

38.22 

+0.35 

38.57 

38.52 

36.40 

36.35 

The  mean  of  these  give  (at  distance  5.20)  for  the 


Equatorial  diameter, 
Polar  diameter, 


38.522  ±  0.024 
36.112  ±  0.032 


Prob.  error  of  a  single  night;  equatorial  diameter,     ±0.14 
"  «  "  "         polar  diameter,  ±0.16 

These  diameter-measures  have  been  uniformly  made  with 
520  diameters. 

These  respectively  correspond  to  the  following  values  in 
mill's  : 

Equatorial  diameter  =  90190  ±  56  miles 
Polar  diameter  =  84570  ±  75  miles 

1  have  made  no  correction  to  the  polar  diameter  for  incli- 
nation of  the  axis  towards  us.  This  correction,  however, 
must  be  very  small,  and  perhaps  insensible  in  the  main. 

From  these  measures  we  have  for  the  polar  compression 
of  Jupiter, 

°'  E-P  1 


E  15.9S 

where  E  and  P  are  the  equatorial  and  polar  diameters. 

In  comparison  with  the  results  obtained  with  the  36-inch, 
the  following  are  some  of  the  measures  made  elsewhere: 


Heliometer 

M  EASURES. 

Equatorial 

Polar 

Compression 

Bessel.             37.60 

35.21 

1 

15.73 

Winnecke,      37.13 

35.11 

1 

Schur, 


37.42 


35.03 


15.65 
For  these  values  I  am  indebted  to  the  kindness  of  Pro- 


fessor W.  Schur,  whose  observations  were  made  in  1892, 

during  the  same  period  covered  by  the  major  part  of  m\ 
own  observations. 

It  will  be  seen  that  these  results  are  singularly  accordant, 
but  that  they  differ  from  mine  by  an  entire  second. 


Struve, 
Secchi, 
Hough, 


Filar-Micrometer  Measures. 

Compression 

1 


Equatorial 
38.33 


Polar 
35.54 


3X.35 


38.96 


:;5.:m; 


36.66 


13.74 

1 


Double-Image  Micrometer. 


Kaiser, 


Equatorial 


;;,....> 


Polar 

3o!l5 


Compression 

1 


transits,    Yogel    got    for 


15.65 

the    equatorial    diameter. 


38".37. 

In  looking  over  the  great  number  of  determinations  of 
the  dimensions  of  Jupiter  with  different  observers  and  dif- 
ferent instruments  (only  a  few  of  which  I  have  given),  it 
would  appear  that  the  true  size  of  this  planet  is  a  remark- 
ably uncertain  quantity.  A  new  determination  of  its  diam- 
eters with  the  most  powerful  telescope  in  existence  should 
therefore  be  a  welcome  addition  to  the  literature  of  the 
subject.  It  is  to  be  regretted  that  the  36-inch  has  no 
double-image  micrometer  for  such  work. 

I  have  reduced  all  the  distance-measures  of  the  oppo- 
sition of  1893  with  uniform  values  of  the  equatorial  and 
polar  diameters. 
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For  this  work  I  haw  adopted  the  following  from  my 
own  observations  : 

Equatorial  diami  -  9     '  A  5.20) 

Polar  diameter,  36.112  (at  A  5.20 

This  value  of  the  equatorial  diameter  differs  from  that 
finally  derived  from  all  the  observations  by  0".013.  As 
this  quantity  is  very  small,  I  have  not  made  any  correction 
for  it. 

From  these  values  I  have  computed  the  following  table 
ol  apparent  diameters,  which  have  been  used  in  the  reduc- 
tions. 

Apparent  Diameters  ok  Jupiter  used  i.v  the 
Reductions  of  L893— 4. 


1803         Equatorial      Polar 


2.60 


1-'.':;        Equatorial     Polar 


Sept.    3 

ii'.:.; 

15 

44.21 

17 

44.49 

24 

15.43 

25 

4. "">..">  7 

Oct.      1 

46.35 

2 

46.48 

16 

18.08 

29 

49.16 

The  following  phase 


Nov. 


Dec 


18M 

Jan. 


G 
12 
13 
19 
10 
18 

10 
28 


19.55 

49.71 
49.72 
49.72 
48.68 

47. si; 

15.02 
43.36 


16.46 
46.61 
16.63 
46.62 
45.65 


corrections  have  been  applied  to  the 


equatorial  semi-diameters  before  using: 


Sept.     3 

-0.41 

Jan.  1(» 

-0.31 

1 10 

-0.08 

28 

-0.53 

18 

-0.14 

Elongation-Distances.  With  the  uniform  value  for  the 
equatorial  diameter  of  Jupiter  I  have  corrected  the  pre- 
viously determined  values  of  elongations  observed  in  1892. 
They  are  also  corrected  for  phase  of  the  planet,  and  are 
here  given. 

Elongation-Distances  of  the  Satellite  in  1892, 


1892 

E.  Elongation 
App.        A  5.20 

\V.  Elo 

App. 

ngation 
A  5.20 

-    it.  L0 

l.s.i  il 

if 

V 

11 

61.19 

48.00 

. 

, 

12 

61.66 

18.27 

. 

.       . 

14 

61.69 

18.12 

. 

, 

23 

62.10 

17.7.". 

. 

. 

1'7 

63.20 

18.37 

. 

.       . 

Oct.      7 

63.49 

48.29 

• 

•       • 

9 

63.31 

18.13 

62.17 

47.27 

17 

, 

62.16 

47.34 

23 

63.14 

18.30 

6 - 

17. .V.i 

28 

62.66 

18.20 

47.86 

N.-v.     4 

61.79 

L8.06 

61.94 

18.17 

6 

61.66 

18.13 

11 

60.80 

17.95 

60.60 

17. -ii 

13 

60.39 

17.85 

18 

■    ■ 

59.78 

47.'.i.". 
47".  712 

48».104 

±0'.061 

±0M76 

The  first  of  these  corresponds  to  a  dis  112650 

miles. 

I  have  carefully  plotted  the  o 
they  cover  the  time  of  elongation,  and  from  tl 
have  derived  the  elongation-distances  that  follow. 

•     Elongations  of  the  Satellite  derived  Graphi- 
i  ai.i.v   prom  the  Measures  of  1893-4. 

Observ.,1         At  A  5.20 

56.10  17.56 

57.45  47.7:; 

57.60  47.71' 

61.40  47.71' 

61.66  47.76 

60.84  48.12 

55.98  47.- 


1893  - 

24 

1 

2 

N 

6 

19 

Dec. 

Ki 

1894  Jan. 

10 

17.785±0".044 


This  would  correspond  to  a  distance  of  111910  miles. 

The  probable  error  doubtless  does   not  represent  the 
value  of  the  observations,  as  the  elongation-distance  is  a 
varying  quantity  through  the  eccentricity  and  revo] 
of  the  orbit. 

Xo  observations   could  be   obtained   at  west   elongation 
during  1893. 

A  comparison  of  these  results  with  those  of  1892  shows 
conclusively,  I  think,  that  the  orbit  is  nearly  eccentri 
which  1  have  previously  called  attention. 

Indeed.  M.  Tisserand  finds  that  the  major  axis  ot 
orbit  of  this  satellite  must  make  a  complete  revolution  in 
about  five  months. 

Elongation-Times.     The  following  east  elo- 
have  been  computed  from  measures  on  eat  ''■  -;<  e  i  ;'  elon- 
gation : 


1893  Oct.     1 

tl            In 

16   1 

to  Mabth 

+  9 

2 

16     5.61 

+   9 

V  v.      6 

11'  : 

+  10 

12 

li'  i 

+10 

19 

11   l_   »8 

+  11 

These  are  in  Standard  Pacific  Time,  which  is  eight  1. 
slow    of    Greenwich.     The   last   column  contains  the 
tion  to  Marth's  ephemi  Not.,  LUI,  490. 

I  have  made  fced  determination  of  t!  •ion- 

time  of  IS92  Sept.  1".  which  gi 

East  elongation.  1892  S  me 

Tin-  T  from  the  previously  printed  value  of  this 

elongation,  an  iferred. 

The  following  corrections  have  been  applied  I  i  mes 

before  they  have  been  used  for  getting  the  periodic  time. 
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Observed 

Standard  Pacific  Time 

1892  3 

Reduction  to 

0ai  observation 

time 

Reduction  to 

©of 
1882  Sept.  10 

Reduction  for  St.  P.  Time  red. 

A i» •nation  t<.0  totheQanddis. 
of  1892  Sept.  LOlof  l892Sept.  10 

.1         1           in 

10  12    18.20 

■ 

Ocl        1    16  1 1.84 

2  16     5.61 

Nov.     6   12  54  54 

12   12  2o. ss 

19  11   42.98 

h          in 

-t)  13.25 

-0  17.99 

-It  17.72 
-0     4.94 
-0     2.30 

+  0     0.83 

ll          111 

-1     9.86 
-1   10.04 
-1   16.29 
-1   17.36 
-1  18.61 

li      in 

-0  1.93 
-0  1.83 
+  i»  0.35 
+  0  0.49 

+  0  0.49 

ll           lit 

12  34.95 

1  1    12.06 
1  1  36.02 

I  1   33.66 

II  1.71 
10  25.69 

From  the  corrected  times  in  the  last  column,  the  follow- 
ing values    of   the   periodic    time    directly   result,   the     ob- 

tiou  oi  1892  Sept.  10  being  taken  as  a  base. 


Elongation 

Period        No 

Nn!  at  ions 

ii 

m        s 

$93  Oct.     1 

11 

57  22.615 

l  i  O 

2 

11 

57   22.554 

i  i  i 

Nov.     6 

11 

57  22.650 

847 

12 

11 

57   22.i  ;n7 

859 

19 

11 

57  22.662 

873 

The  mean  of  these  gives  for  the  sidereal  period  of  satellite, 

P  =  ll1'  57'"  22-.618  ±  0-.013 
The    probable    error    of    a   single    determination    being 
±  o-.t  129. 

Determination  of  the  Velocity  of  Light  by  Eclipses  of  the 
Mi.  Hamilton,  1894  July  13.  


Fifth  Satellite.  Several  astronomers  have  suggested,  from 
the  rapidity  of  motion  and  the  smallness  of  the  satellite,  that 
we  hu\  e  here  the  means  of  an  accurate  redetermination  oi  the 
velocity  of  light  through  space,  by  means  of  its  eclipses. 

It  is  altogether  probable  that  this  suggestion  can  not  be 
put  into  practical  use.  since  the  eclipses,  under  the  most 
favorable  conditions,  will  always  occur  within  6"  or  8"  of 
the  limb  of  Jupiter. 

The  satellite  is  usually  lost  in  the  glow  and  secondary 
spectrum  at  a  distance  greater  than  this,  under  the  best 
conditions  of  visibility.  Hence,  what  promises  to  be  such 
an  important  factor  in  the  determination  of  the  velocity  of 
light,  it  would  seem,  must  be  abandoned,  at  least  so  far  as 
our  present  telescopes  are  concerned. 


NEW   ASTRONOMICAL   WORK. 


Phut.  Durchmusterung  des  Nordlichen  Himmels,  entkal- 

l  all    Sternt   der  B.D.   bis  Grosse  7.5.     Theil  I,  zone  0°  bis 

+20°  declination.    By  G.  Mulleb  and  P.  Kempk.    Publicationen 

•des    Astrophysikalischen    Observatoriums   zu  •  Potsdam,  Nr.  31, 

_Yt  unter  Band.     Potsdam,  1S94. 

The  appearance  of  this  first  of  the  four  parts  which  ihis  work  is  to 
include,  constitutes  an  epoch  in  photometric  astronomy.  The  under- 
taking may  be  properly  called  a  great  one,  not  merely  from  its  extent, 
but  from  its  high  scientific  character,  which  is  assured  as  well  by  the 
reputation  of  its  authors  anil  of  the  institution  from  which  it  ema- 
nates, as  by  an  intimate  scrutiny  of  the  contents  of  the  portion  now 
before  us.  This  contains  the  zone  0°  to  +20°,  with  the  details  as  to 
the  construction  and  plan  of  the  whole  work,  and  the  determination 
of  the  system  of  fundamental  stars  for  the  whole  northern  sky,  which 
is  in  give  to  the  completed  undertaking  its  unity  of  character.  The 
zone  +20  to  +40°  will  soon  follow,  and  the  zones  +40  to  +00°,  and 
+60  to  +90  .  at  as  short  intenaK  as  possible  thereafter. 

In  the  introduction,  after  some  general  remarks,  the  errors  of  dif- 
ferent photometric  apparatus,  and  the  relative  advantages  and  dis- 
advantages, theoretical  and  practical,  of  those  hitherto  most  used, 
are  considered.  The  preference  is  given  to  Zollneb's.  Two  pho- 
tometers of  this  form  were  used  in  the  work.  The  first  was  used 
with  a  refractor  of  13.5  cm.  aperture,  especially  for  stars  from  6M  to 
The  second  was  used  with  objectives  of  67  mm.  and  36.5  mm. 
aperture.  The  high  degree  of  accuracy  which  experience  showed  to 
be  attainable,  led  to  a  modification  of  the  original  plan,  which  con- 
templated four  observations  for  each  star,  by  limiting  the  number  to 
two,  one  by  each  observer,  except  for  those  stars  used  in  comparing 
the  two  instruments,  and  those  in  which  the  discordance  exceeded 
certain  moderate  limits. 

The  first  section  treats  of  the  selection  and  observation  of  the  list 
of  144  fundamental  stars,  the  determination  of  their  definitive  magni- 
tudes, and  the  discussion  of  the  results.     These  were  chosen,  avoid- 


ing double  and  strikingly  colored  stars,  in  three  belts,  at  +lu  .  +30 
and  +60  declination;  following  each  other  in  each  belt  at  about  30" 
of  R.A.,  and  alternately  of  about  the  magnitudes  5.0  and  6.7.  Each 
star  was  compared  with  its  two  neighbors  in  the  same  belt,  and  also 
with  one  brighter  and  one  fainter  in  each  of  the  other  belts  ;  and  so 
nearly  in  the  same  zenith-distance  that  the  influence  of  atmospheric 
absorption  was  eliminated.  Eight  comparisons  were  made  for  each 
combination,  half  by  each  observer.  The  probable  error  of  each 
mean  value  is  ±0M.027.  There  is  an  insignificant  constant  personal 
difference  of  M-K  =  +0M.03.  By  successive  approximate  solution 
of  all  the  equations,  the  final  value  of  the  magnitude  of  each  star  is 
found,  so  that  the  sum  of  the  resulting  magnitudes  is  accurately  the 
sum  of  the  DM.  magnitudes  for  the  144  stars.  It  is  believed  that  the  mag- 
nitudes of  these  fundamental  stars  are  fixed  certainly  within  0". 05. 

The  second  section  contains  the  details  of  the  zone-observations. 
Each  zone  contains,  in  general,  12z0ne-stars,  all  within  narrow  limits 
of  brightness  and  declination  ;  and  2  fundamental  stars  observed 
in  pairs  at  the  beginning,  middle  and  end  of  the  zone.  Great  care 
was  used  in  identification,  and  it  is  believed  that  not  a  single  false 
star  was  observed  in  the  whole  work  ;  which  was  done  in  a  deliberate 
manner,  allowing  on  an  average  two  minutes  to  a  star.  The  authors 
remark  that  a  greater  speed  could  have  been  easily  attained,  but 
would  have  been  prejudicial  both  to  accuracy,  and  certainty  of  identi- 
fication :  and  they  attribute  the  extraordinarily  large  number  of 
"  discordant  observations'"  and  mis-identifications  in  the  Harvard  Col- 
lege work  to  the  undue  haste  with  which  that  work  was  conducted. 

The  catalogue  of  3522  stars  follows  in  the  third  section,  with  re- 
marks on  the  results,  and  comparison  with  other  catalogues.  The 
probable  error  of  an  observation  is  found  to  be  ;  for  Potsdam  ±0H.057; 
for  the  "  Harvard  Photometry "'  ±0M.15  ;  for  the  Harvard  "Revision 
of  the  DM."  ±0>'.20.  The  volume  concludes  with  some  comments 
founded  on  an  examination  of  the  numerous  errors  and  large  dis- 
cordances in  these  works. 


Mil  KOMETBICAL    ObSEBVATIONS    OF    THE     FlFTH 

Diameters  of  Jupiter,  1892-4,    by  Prof.  E.  E.  Barxabd 

Yew    A.STBONOMICAX   YVoBK. 


CONTEXTS. 
Satellite  of   Jupitee    During  the   Opposition  of  1S93,  with   Measubes  of 
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NOTE   ON   PROF.  NEWCOMB'S   DEVELOPMENT   OF   THE   PERTURBATIYE 

FUNCTION, 

By     A.     CHESSIN; 


In  the  development  of  the  perturbative  function  given  in 
the  Astr.  Papers,  Part  I,  Vol.  Ill,  by  Prof.  Newcomb,  cer- 
tain operators  //,',":".  have  to  be  computed.  The  terms 
in  the  development  of  the  perturbative  function  have  the 
general  form, 


(class  0) 
(class  1) 
(class  2) 
ami  so  ou,  where 


e"  e'"'  I";:,";.;.  COS  (  V,  +  /,/',/  +  ,„,  | 
o-4  £»  *'»'  l;  »•';,',  cos  (Y/'+m'ti'+mij) 

(I) 


TJn.  >l'       r/". "'      A 

x    m.ro'    "  m,  m'   Ai 

(il 


< 

hi 


//'""',  1! 

■* x       m.   in'    ^     i 


"P  /I.  n'     n'fti.H'     o 

III 
and  so  on.     For  the  meaning  of  all  the  symbols  see  Prof. 
Newcom  b's  paper. 

A  considerable  reduction  of  work  is  obtained  by  the  fol- 
lowing modification,  which  makes  the  computation  of  the 
operators  //;;;•./'„.  no  more  necessary.  First  of  all,  I  re- 
mark, that  all  the  symbols  77™;/;,,,  in  which  the  indices 
hi  and  in',  n  and  n)  differ,  can  be  expressed  linearly  in 
function  of  operators  //;„;:,  in  which  the  upper  and  lower 
indices  are  the  same.  This  is  easily  found  by  inspection  of 
the  formulas  (31)  in  Prof .  STewcomb's  paper.  Hence  all  is 
reduced  to  the  computation  of  symbols  of  the  form,    // 

1  will  here  consider  only  the  terms  of  the  class  0. 

We  easily  find  from  the  formulas  (31),  p.  24,  in  Prof. 
Newcom  i;'s  paper,  that 


_    (-1)" 


(1)  77"  =  i  -lf_  (/+D)(/+D-1) (i+D-m  +  1) 

el  in  !     v  ' 

(2)  rr;;:>~  _L  (i+D-Ki)(i+D+2) . ... .  (i+D+«) 


(0 


(-1)" 


(3)    77;;;;;;  =  //  .//,.     =J    ,    ;(H-d+«)(H-d+m-1)... 

in  (.)  ,  in  .    i,  . 

(t'+'b— m+l) 


Substituting  (i+m)  for  i  in  (3),  we  shall  have 


// 

(|4-,„, 


(— l)m(m+n)f    , 


+») 


(4) 


where 


(i+T>  +  m+>i)(i+J)+  in  +  ,i  -))...  (i+T>  +  V)       . 

7  '  ^ li 1 ^ '-         (.)) 

~  (m+n)  !  ( ■  ' 

We  see  that  the  symbol     n  depends  on  the  sum  of 

in  and  a.     but  not  on  their  relative  values. 
It  follows  from  (5),  that 

7,'::;"  =  *:—'+  n,.t  (6) 

This  formula  is  important. 

Substituting  in  (6)     i+1,  i+2,  .  .  .  .,  i+j—1,     for  i  we 

obtain 


I   ....     4.    „(m+n-l) 
'1  ' 


7  n  =  ,^  +  *<#*-» 

Adding  all  these  formulas  and  formula  (6),  we  readily 
find 


,  fm+n-1) 


c  =  l 

If  we  put     i'  =  0     in  (7),  the  formula  becomes 
»] ■■•■"   =   .7,', +    2    ^'"+"-I) 


(7) 


(7)' 


Before  I  proceed  1  will  establish  a  formula  of  constant 
use.     Suppose  given  a  relation, 


ap  =  air  +  cr  Y  «:■"-" 

8  =  1 

It  is  desired  to  express     a'i',)     iu  function  of 


(8) 


i        ,/*''—]  i 


a 


1  >;iv.  that  the  desired  form  is 


(105) 
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.■(«-+D(.-  +  2) 

(9)  +-+f(i+1^;2;;^e~1)^---w1^+.. 


z-(»+i)....(t+p-i) 

•  1 :      ^ 


>  °p— 1 


Ci 


1.2....y. 

if  we  agree  that  a;.'l|  =  l  and  a  J-"  =  0,  whatever  be  k . 
The  demonstration  can  be  easily  done  by  the  usual  method 
of  supposing  the  formula  correct  for  p  =  ;),  and  proving 
its  correctness  for  p  =  jpa+  1.  In  the  special  case,  when 
cp  =  1,     formula  (9)  becomes  (9)' 


"  =      l       '  +    t  9   «r-  + 


+ 


«(+i)...(i+p-i) 

1.2 p 


We  now  apply  formula  (9)' to  the  case  when    af  =  n-; 
as  the  symbols  w!'"-1""'  satisfy  the  relation  (8),  where  c^  =  1 . 
Heuce,  we  must  have 

(10)       » J-+-J  =  '  2+" '(t+l)(t  +  2)».(i  +  e-l)  „ ,„,+„_<> 
,=o  e! 

or,  if  we  agree  in  the  notation, 


_  i(i+l)(i+2)  ....  (i+e—  1) 


(10)' 


«<„  =  1 


It  is  obvious,  that  we  would  also  have 


(10)" 


»!"+">=    £  «(••)  „(-+—) 


if  we  applied  formula  (9)'  to  the  symbols     wj™/"'     instead 
of     »<"•+»>. 

In  the  above  reasoning  ('  was  necessarily  supposed  posi- 
tive. We  shall  establish  now  formulas  for  negative  values 
of  i.     Formula  (6)  may  be  written  thus: 

Substituting  £ —  1,  i  —  2,  .  .  .  . ,  i—j+  1,  for  j  in  this 
formula,  then  adding  them  all,  we  readily  obtain 


(12) 


e=j'-l 
.(»■+«)    _("■+>!)   ^*      _(»   •     -I 


S-i 


If  we  put     i '  =  0,     (12)  becomes 


(13) 


—  -("•4-") V   -<™+»-d 


This  formula  does  not  belong  to  the  type  (8),  but  is  in- 
cluded in  the  following  one  : 


(14) 


c;"  =  cv'+c,,  2  cr« 


1  say,  that  in  this  case  uv  have  (15) 


H  Ci'""   +    •  ■ 


i(i—l)  .  .  .  .  (t-efl) 
+  1.2.  .".  .  , 

+  1.2..  ..p C"C—  •  *  •  *  Cl 

if  we  agree,  that  C«"  =  1  and  CJ-*'  =  0,  whatever 
be  k.  This  formula  can  be  proved  in  the  same  way  as 
formula  (9). 

To  apply  (15)  to  our  case,  we  must  make 
cp  =  e_,  =  ....  =  — 1. 

We  then  obtain 


W-i 


"      '  =    £   (— i)"#'Mm4lM) 


where 


go  _  *(*— *>  •       •  O'-e  +  l) 

and  in  like  manner 


i  r 


-     =  S  (-!)•«  -  " ' 


(16) 

(17) 
(16)' 


It  is  to  be  understood,  that  0i°  is  always  positive,  and 
that  in  the  development  (15)  we  must  stop  as  soon  as  we 
arrive  at  a  coefficient  zero. 

If,  uow,  we  write  (i—m)   for  i  in  (4),  we  shall  have 


(-l)"(m+n)/_,. 


m  .'  n ! 

X  =  i  —  m 


-  (ra+«)     V*        ,.  (M    -  (■*+•!-«) 

••  »  £j        "■  r        "  ci 

e  =  n 

if    ;.  >o 

e  —  0 

if     /.<  0 
_(„.+»)  __  _    -  ■     for     ;  _  o 

_    (D+l)(D  +  2) (D+j)-l)(D+p) 

"*     —   "  1.2.3.  ...p 

-  (0)    l 


(18) 
(19) 

(20) 

(21) 

'(22) 

(23) 


Let  us  uow  apply  the  above  operators  to  A ,  .     and  let 

us  put 

p       =  "       A,  (24) 

PW  =  tJ->  A,-  (25) 
We  find  from  (20)  and  (21),  that 

P(-+»)  _    y  k;',,pJ",+"-<'  (26) 


«=0 

if     ?.  >  0 


p  *+»>  =    ^   (— O'/^p!  ' 
if   >.<o 


(27) 


and  from  (IS),  that 
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(28) 


m !  n ! 


This  is  the  modification  of  Prof.   Newcomb's  method  of 
computing  the  coefficients    P;;;;"    which  I  intended  to  show. 

The  advantages  are  the  following  oues  : 

1.     Formula  (28)  requires  the  computation  of  only  one 
coefficient     p  ';'<"     to  obtain  all  the  coefficients     ¥'";.",    foi 


which    m+n  =  const,   and    /.  =  /■ 
obtain  at  once  all  the  coefficients  : 


■vi  =  const.     We  thus 


Pin—  1,  n+2        r>  in— 1,  ,i+l         p  „,  ,  ,i         11,,,-H,,,—  1         pn»4-2,n— 2 
, 2.  n+S  '    r  ,,,—1.  «+l  '    x   ,».  »  '    x    m+1.  n—1  '    x   '»+-'.  "—2  '      ■  •   •   • 

(1-2)  «     I)  (()  ".. 

2.  After  we  got  one  set  of  these  coefficients  for  the  value 
X  =  Xi ,  we  get  the  one  for  ).  =z  lx  +  1  by  a  simple  ad- 
dition.     In  fact,  it  follows  from  (6),  that 

and  on  account  of  (25),  that 

(30)  p:;;ir  =  p:v-"  +  Pl"3rJ) 

If,  therefore,  we  have  computed  all  the  coefficieirfs  of  the 
order  (m  +  u — 1),  and  also  have  computed  those  of  the 
order     (m+n)      foi   the  value  ?.,   we  obtain      1'  by  a 

simple  addition,  and   from   the  value  of     P!."i+V     again  the 
whole  set  of  coefficients 

Pnt — 1,  n+I       T3„i,,i       T>, „+],,i— 1 
,,,—1,  ,,+  1  >    r  ,,,,  „  i    x  ,,,+1,  ,,—1  •       ■  •  •  • 
l  (i) 

for     i —  m  =  /.  +  1  ;     and  so  on. 
Johns  Hopkins  University. 


3.  The  whole  computation  is  reduced  to  that  of  the  co- 
efficients J)lt)-  The  number  of  these  coefficients  is  very 
limited,  and  their  computation  requires  but  little  time,  com- 
pared to  the  computation  of  the     P ;;;;;;     by  means  of   the 

direct  operators     IlZ\",  ■ 
(i) 

4.  Every  computation,  if  not  carried  far  enough,  can  be 

easily  extended,  without  much  labor;  because  all  we  need 

to  do  is  to  compute  a  set  of  coefficients    p'"'     for  a  uew 

value  of  /x,  namely,  one  coefficient  for  every  value  of  i.     Jt 

is  well  to  notice,  that    p{-,,  =  p 

To  conclude,  I  will  show  how  to  compute  the     1)1' 

(f) 
We  have  from  (5) 

(i  +  D)  _„„+„,   =  (H-D)(*+D+1).--.(«  +  D  +  m  +  »0 
*  '     '  (m+n)  ! 

=  (m  +  M+1)  -,'r,+"+" 

or,  if  we  put  again 

).  =  i  — mi 

(?.  +  D)  -l"'^"  =  (m  +  n+l)  -i™+"+" 

Applying  the  operation  on  A,  ,  we  find 

DP!,"H-">  =  _;.p  (;»+«)  +  (m+n  +  i)  p 


(31) 


(32) 


M 


(  7)1  "f"  )0  • 

ultiplving  all  by     (—1)'     — ; — ~r ,     we  readily  obtain 


-I  P; 


(Ml  +  l)    P 


(.;;;, 


DP;;;';;  = 

i,i  |  (i) 

The  same  operation  can  be  repeated  as  many  limes  as  re- 
quired, so  that  it  is  obvious  that  D'P ;;;;;;  can  be  linearly 
expressed  in  the  coefficients     P™;". 


NOTES   OX   VARIABLE   STARS, 

By  HENRY    M.  PARKHTJRST. 


No. 


There  lias  been  a  small  error  in  the  use  of  the  eastern 
deflector  in  part  of  my  observations,  arising  from  deflection 
of  the  illumination.  I  have  hitherto  supposed  this  shading 
to  be  caused  by  imperfect  construction;  bu1  the  attempt  to 
remedy  it  developed  its  true  cause.  The  error  produced 
must  be  much  less  than  the  average  error  of  observation; 
but  it  is  systematic,  and  cannol  easily  be  rectified  by  cor- 
rection; and  it  should  be  avoided  by  placing  the  deflector, 
as  1  have  now  done,  so  as  to  throw  the  image  to  the  north 
or  to  the  south  of  the  original  star,  instead  of  to  the  east. 
Thus  placed,  the  shading  remains  uniform  during  the  obser- 
vation, and  has  no  effect  upon  the  result. 

The  deflector,  with  the  use  of  the  full  aperture,  I  have 
found  much  more  convenient  for  faint  stars  than  the  wedge, 
being  free  from  illumination-error,  and  allowing  a  wider 
range  in  observation ;  and  I  have  therefore  for  the  last  year 

01  two  Used  the  deflector  exclusively  ill  photometric  work. 

New  Variable.    In  1886,  the  fluctuation  of  DM.+20°2970, 


near  Arcturus,  attracted  my  attention,  and  I  have  made  !  ]  1 
photometric  observations,  in  order  to  determine  its  period. 
Adopting  as  the  epoch  a  minimum  observed  by  Yknuki.i. 
in  April,  combining  it  with  oue  observed  by  myself  in  duly. 
and  confirming  by  a  variation  noted  in  1886,  I  have  derived 
the  period  of  2.6052  days.  From  12  observations  distant 
from  the  computed  minima.  I  obtained  the  normal  8M.08, 
ranging  from  7H.44  to  8K.39.  From  47  observations  near 
the  minima,  the  hour  not  being  noted  until  recently,  I  ob- 
tain the  minimum  8".48.  ranging  from  8M.26  to  8  '.98  ;  but 
the  only  observation  at  the  minimum  was  8M.59.  Of  the 
remaining  22  observations.  7  represent  an  average  of8-.64, 
only  partially  explained  ;  1'  are  8M.05,  probably  at  least  two 
hours  before  the  minimum  ;  and  13  are  perhaps  affected  by 
a  neighboring  minimum,  although  not  near  enough  to  be 
included.  There  is  much  fluctuation  in  several  of  the  com- 
parison-stars ;  and  this  star  appears  to  fluctuate  irregularly 
also.      Yet  the  mean  brightness  of  the  star  does  not  appre- 
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ciably  change  from  year  to  year,  and  there  isa  well-marked 

depression  of  the  Algol-type,  amounting  to  al   leasl  hall' a 

aitude,  lasting  perhaps  four  hours,  with  a  period  of  aboul 

2.6052  days,  which  largely  explains  its  varying  brightness. 

Since  writing  the  preceding  paragraph,  I  have  made  ad- 
ditional observations,  which  indicate  the  necessity  Eor  a 
sine-correction. 

B  Comae.     Assuming  as  a  maximum  my  observation  of 

column  lio;iiled   \V  expresses  the  estimated   weight 


1884  Aug.  11.  the  period  is  lengthening,  ami  early  obser- 
vations are  importanl  :  since  the  time  of  maximum  has  now 
nearlj  reached  its  eastern  elongation^  ami  it  will  beat  least 
thirty  years  before  the  maxima  will  be  visible  in  the  morn- 
ing twilight  as  far  from  the  sun  as  al  present.  The  star  //. 
DM. +20°2683,  is  not  a  suitable  comparison-star,  bi 
fluctuating.  I..  DM.  +20°2676,  8M.50,  is  nearer,  and  more 
reliable. 

Of  my  determination  of  the  time  of  tie'  phase  ohserve.l. 


EtESl  Ms    of 

(  Ibser 

VAT  IONS. 

i  ibserved  Date 

No. 

Star 

Phase 

E 

Corr. 

w 

Remarks 

Julian 

Calendar 

2693 

/'  ( 'anis  id  in. 

Max. 

2851 

ISM 

Jan. 

22 

27 

0 

_ 

Interval  too  Ions  for  accuracy 

2735 

1   i  'in  i.<  mil/. 

Min. 

2946: 

Apr. 

27 

i:; 

+  31 

1 

Perhaps  later 

2742 

S   1  inn  in, i, 'in, i 

Max. 

2832 

Jan. 

3 

52 

o 

- 

Yemlell's  min.     My  ohs.  began  too  late 

(2903) 

—  Cancri 

- 

- 

- 

- 

- 

- 

Peters's  variable.     Nothing  decisive  yet 

2976 

V  Cancri 

Min. 

2882 

Feb. 

22 

31 

-13 

o 

3060 

1  <  'ancri 

Max. 

2893 

Mar. 

5 

49 

+20 

5 

Period  shortening  more  slowly 

31 70 

S  Hydrae 

Max. 

2961 

May 

12 

53 

-1!) 

5 

(il>s.  began  nearly  at  preceding  min. 

:;i77 

J,'  Leonis  min. 

Min. 

2867  : 

Feb. 

7 

I'D 

(i 

() 

Prediction  from  elements 

3493 

/,'  /.mil  is 

Max. 

2959 

May 

10 

160 

—  22 

7 

3567 

1'  /.fin  is 

Max. 

2919 

Mar. 

31 

16 

-11 

5 

Clouds  prevented  verification  of  light-curve.  See  A.J.256 

3881 

VHydrae 

Min. 

3000: 

June 

I'd 

14 

0 

0 

\ppn>x.  prediction  ;  obs.  not  satisfactory 

3890 

li  Leonis 

Max. 

3116 

Oct. 

14 

21 

- 

- 

Prediction  ;  not  visible  until  August  by  my  elements 

3994 

S   /■■  "ii  is 

Max. 

2897 

Mar. 

9 

(14 

- 

- 

Prediction  ;  obs.  indicate  positive  correction 

it 

u 

Min. 

2967  : 

May 

IS 

65 

- 

- 

Prediction  ;  obs.  indicate  negative  correction 

1315 

/,'  <  '"III III' 

Max. 

3048.1 

Aug. 

7 

38 

+  28 

9 

Period  appears  to  be  now  abont  ■'■l<4  days. 

1 192 

Y  Virginia 

Min. 

2952: 

May 

3 

19 

- 

- 

Prediction  ;  invisible  for  at  least  two  months 

1596 

V  Virginis 

Max. 

2911 

Mar. 

23 

40 

-10 

3 

4816 

V  Virginis 

Max. 

2963 

May 

14 

50 

-18 

5 

Fluctuation  and  flat  curve 

1826 

R  Hydrae 

Min. 

3003 

June 

23 

3 

— 

0 

Prediction  ;  lost  in  the  west 

1847 

S  Virginis 

Max. 

2963 

May 

14 

41 

+   3 

5 

Individual  Observations. 


2691   T  <  'anis  minoris. 


Julian  Calendar 

il  18M 

2834  Jan.     5 

2836  7 

2854  25 

-Sot;  27 

2860  31 

2861  Feb.  1 
2891  Mar.  3 
2911  23 
2925  Apr.  6 
2941  22 
2949  30 
2957  May  8 


Mag. 

10.4] 

12.0 

11.2 

11.4 

11.7 

12.32., 

12.0 

11.7 

11.8 

11.6 

11.8 

11.3] 


2735  U  <  'anis  minoris. 
2887     Feb.  27     10.8 
2911     Mar.  23     12.6 


29 


Apr.    6 

...» 


12.9 
2941  22     13.0 

2944  25     13.0] 

2949  30     13.0] 

2957     May    8     12.4] 


2742  S  Geminorum. 

Julian    Calendar      Mag. 


2834 

■_'s:;,; 

2843 

2846 
2854 

i'.s.,o 


18M 

Jan. 


5  9.11 

7  9.252 

14  9.24s 

17  9.86, 


3000   U  Cancri— Cont. 

Julian    Calendar     Mag. 


2860d   Jan!"  31 
2870     Feb.  10 


zo 


'.Mo. 
9.52, 


(2903)  ^Cancri. 
2925  Apr.  6  13.19 
2944      25  13.0 
2978  May  29  13.0: 

2976  V  Cancri. 
2870  Feb.  10  12.0 
2884      24  12.2 
2891  Mar.  3  11.9 
2911      23  11.4 

3060  V  Cancri. 
2843  Jan.  14  10.2] 
285 1      2.5  12.0 


2SS7 
2895 
2911 


11.0 
10.41., 

27     10.1(1. 
Mar.    7     10.09s 

23     10.30. 


3170  S  Hydrae. 

2836  Jan.     7  11.7 

2800  31  11.7 

2870  Feb.  10  11.4 

2895  Mar.    7       9.4 

2911  23       8.99, 

2940  Apr.  22       7.91." 

2957  May    8       7.502 

2975  26       7.40., 

2978  29       7.54 

2983  June    3       7.94J 

3477  1!  Leonis  minoris. 

2862  Feb.     2  12.7] 

2870  lo  12.1] 


341  i  1!  Leon.min.—Cont 
Julian    Calendar       Mag. 

2884'1   Feb**  24     12.7] 
2895     Mar.    7     12.6 

3493  R  Leonis. 
2922     Apr.    3       8.11, 


2«.I35 
2945 
2957 

2075 
2983 

-088 


16 
26 

May    8 

26 

June   3 


7.24., 
7.15,, 
0.31., 
7.22.. 
7.10., 
7.30., 


3567  VLeonis. 

2914  Mar.  26  9.8 

2915  27  8.06., 
2922  Apr.    3  S.su 
2928  9  9.8 
2934  15  8.61„ 
2941  22  9.682 

3881   VHydrae. 
2941     Apr.  22       7.3 


3881   VHydrae—  Cont. 

Julian    Calendar       Mag. 

d  1894 

2957  May    8  7.0 

2961  12  7.17. 

2075  26  0.04 

2976  27  7.48, 

3890  W  Leonis. 
2895     Mar.    7     13.1] 
2928     Apr.     9     13.1] 
2948  29     13.1] 

2978     May  29     13.2] 
3007     June  27     12.4] 

3994  S  Leonis. 

2870  Feb.  10     10.3 

2895  Mar.    7     10.53s 
2911  23     11.24., 

2928  Apr.     9     12.1 
2043  24  to 

■3001  June  21     12.7] 

4  dates 
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1315  I!  Comae. 


Julian 


2976 
2988 

.,001 

.",11117 
:;nKi 
3017 
3030 
3034 
3037 
3038 
3046 


i  lalendar 

ISM 

May  27 
June    8 

21 


July 


20 
24 
27 
28 
5 


Mag. 

12.0] 
12.0] 
12.6 
11.9 
11.7 
12.46 
10.67s 
10.48 
L0.09s 
10.042 
9.561 


I.".  1 5  /<'  Comae- 
Julian    Calendar 


3047 
3048 
3050 
3051 
3052 


1834 

Aug. 


6 

— 
t 

9 
10 

11 


Mag. 

8.50. 
9.00, 
9.233 
9.13a 
9.95, 


4492  F  Virginia. 
2914     Mar.  26     12.:.] 


2983 
3007 


June    3 
27 


Aug. 
Tin'  above  observations  lor  2691,  2735,  -'7 1 


12.il 

10.6 


4596  U  Virginis. 


Julian 

2895 
2915 
2922 


Calendar      Mag. 


ISM 

.Mar. 


Apr.     3 


'.Li' 
8.1  I. 
8.50, 


4SK1  V 
2'J22  Apr. 
2943 
2944 
2949 
2957 
2976 


'mis. 
3     11.5 


May 


24 

25 

30 

8 

27 


1816 

Julian 

.1 

-us:; 
2988 
2997 
2998 


V  Virgihis- 
i  alendar 


1894 

June 


3 

8 

17 

is 


-  Cont. 
M  ig. 

8.49. 
8.79a 

9.2 
8.99, 


1826  E  ffydrae. 


8.8 

8.762 

8.65 

S.C'.I. 

9.00" 


2941 
2957 
2962 
2976 
2983 


Apr.  22 

May    8 

13 

27 
June    3 


6.9 

9.4 

9.6 
11.2 
10.04, 


1826  1!  Hydrae-Cont. 
Julian    Calendar      Mag. 

•i         lew 
3002     June22     L1.05s 

is  17  S  Virginis. 


2922 
2935 
2943 
2948 
2957 
2959 
2962 
2976 


Apr. 


Maj 


3 

'J..7 

L6 

8.85 

24 

8.0 

29 

8.972 

8 

8.10s 

10 

7.17 

13 

7.7. S. 

27 

8.12„ 

0000,  3094,  4492  and  4586,  are  continued  from   A.J.  308. 


The  above  discovery  by  Mr.  Pabrhuhst;   that   DM.  +20°2970  is   a    variable   of   the  Algol-type,  being 

below,   permits   the  definitive  notation,  5144  Y  Vnotix,  for  this    star;    whose  place  for    1900  is,     u  =  14h  17" 
mately.  —  Ed. 

ON   THE   VARIABILITY   OF  DM.  +20°2970, 


confirmed   by  Mr.  Yi..vi>ki.i, 
22»,    8  =  20°  15'.8    approxi- 


a,  14h  15™  16e.5  ;    8, 
By   P.  s.   V 

In  August,  1893,  my  attention  was  called  to  the  prob- 
able variability  of  this  star  by  Parkhurst,  of  Brooklyn, 
X.Y. 

Although  the  star  was  then  so  far  west  that  all  observa- 
tions were,  of  necessity,  made  in  the  evening  twilight,  about 
twenty-five  were  secured  before  its  approach  to  the  sun  put 
an  end  to  them.  It  was  taken  up  early  this  year,  and  from 
1894  March  23  to  July  24,  I  have  observed  the  star  about 
eighty  times. 

The  observations  of  1893  indicated  a  variation  of  about 
half  a  magnitude,  and.  upon  assembling  them,  the  light- 
curve,  roughly  indicated,  bore  a  striking  resemblance  to  thai 
of  the  stars  of  the  Algol-type.  Being  made  on  a  bright  sky. 
however,  these  observations  are  not  directly  comparable, 
either  with  my  own  of  the  present  season,  or  with  1'ark- 
huest's,  but  show  a  pretty  ci  instant  difference  of  about  eight- 
tenths  of  a  magnitude  brighter  than  either,  while  our 
magnitude-limits  during  the  present  season  show  a  remark- 
able agreement. 

The  behavior  of  the  star  during  the  present  season,  while 
presenting  certain  very  puzzling  anomalies,  gives  a*  strong 
general  indication  of  the  Algol-type  of  variation,  and  I  have 
obtained  one  w  ell  observed  minimum,  showing  unmistakably 

Dorchester,  Mass.,  1894  July  28. 


+20   28'.3    (is-,:,). 
ENDELL.. 

the  characteristics  of  that  type.  01  nearly  eight]  obser- 
vations, which  make  up  the  present  season's  work  t"  tin- 
date  of  this  paper,  thirty-nine  are  within  a  single  step  of 
the  mean  normal  brightness,  and  the  occasions  mi  which 
the  star  was  observed  below  this  mean  show  a  dei 
preference  for  intervals  of  five,  eight,  and  ten  days. 

On  1894,  April  29,  an  actual  Algol-type  minimum  was  ob- 
served, nine  ol  servations  being  made,  from  8h  0"'  to  1 L*  20m, 
local  Mean  Time.  The  minimum  was  definitely  indicated 
at  10h  13ra,  which  is  probably  not  more  than  ten  minutes 
wrong,  and  tit  the  last  observation,  a  marked  increase  had 
been  made  certain  of.  Other  less  exactly  defined  minima. 
have  been  ol  served  on  May  12  and  July  24. 

Sufficient  material  has  not  yet  been  accumulated  for  any 
approximation  to  a  mean  light-curve,  but  the  principal  part 

of  the  decrease  appears  t icupj  about  two  hours,  and  the 

increase  ma;,  be  still  more  rapid.  Combining  my  observa- 
tions "f  this  year  with  the  minimum  of  April  29.426  as  a 
principal  epoch.  I  find  a  period  "I  24.6052,  which  satisfies 
the  best  determined  dates  fairly  well;  the  lasl  two  deci- 
mals, however,  are  very  uncertain.  The  mean  noi 
brightness  indicated  by  my  obsi  is  8M.l  ;  the  mini- 

mum reached  on  April  29  was  s  '  58 


MAXIMA   AND   MINIMA   OF   LONG-PERIOD   VARIABLES, 

By  J.  A.  PAEKHUBST. 

The  billowing  observations  were  made,  as  my  previous  l  678.      V  Fersei. 

series  were,  with  a  (i. 2-inch  Brashear  reflector,  the  aperture  A  continuous  watch  has  be. at  kepi  on  this  star  sinci   fchi 

being  reduced  to  3.2  inches  for  stars  brighter  than  9".      Tin'  |   minimum  1893  Nov.  15.     From  thai  date  till  L894  Jul 
magnitudes  are  expressed  in  the  historic  "scale.  12  observations  give  a  maximum  7  ,5,  L894  May  3.     The 
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decline  since  the  maximum  has  been  a  little  more  rapid 

t  ban  the  rise. 

l'.isl.  S  Camelopardalis. 
This  star  has  fluctuated  to  such  an  extenl  as  to  render 
the  date  of  its  maximum  somewhal  uncertain,  though  36 
observations  from  1.893  Nov.  2  to  1894  July  9  indicate  maxi- 
ma L894  April  7  and  30,  each  of  7". 7.  The  decline  since 
those  dates  has  been  quite  regular. 

2258.      VAurigae. 
I  have 21  observations  between  1894Jan.  29 and  May  29. 
They  indicate  a  minimum  at  11M.3  1894  April  16. 

3825.     R  Vrs.tr  Majoris. 
This  star  has  been  observed  continuously  for  more  than 
a  year.     Since  the  maximum  1893  Oct.  14,41  observations 
give  a  minimum,  12\6,  1894  April  24. 

151 1.      f  Ursae  Majoris. 
A  minimum  1894  May  10,  12H.8,  is  indicated  by  27  ob- 
servations between  1894  Jan.  6  and  July  6. 

4557.     S  Ursae  Majoris. 
1  have  28  observations  from   1893  Dec.  15  to  1894  June 
11.     They  yield  a  minimum  at  11M.5  1894  April  15. 

1596.      U  Virginis. 

Only  8  observations  of  this  star  were  secured  this  year, 
beginning  1894  Mar.  1,  and  ending  May  31.  They  are, 
however,  quite  accordant,  and  indicate  a  maximum  at  8M.0 
Mar.  30. 

Marengo,  III.,  1894  July  24. 


4847.     S  Virginis. 
Between  1894  Mar.  11  and  duly  21,  I  observed  this  star 
17  times.     A  maximum  at   7M.8  is  indicated  1894  Maj  22. 

The  rise  was  much  mure  rapid  than  the  decline, 

5157.     SBootis. 
This  star  has  been  observed  frequently  for  more  than  a 
year.     From  1894  dan.  29  to  Julj  8,  24  observations  yield 
a  maximum  at  8M.0,  L894   May   1  I. 

5190.     1!  Camelopardalis. 
This  star  passed  a  minimum  at  12M.6  1894  June  14.     I 
have  2  1  observations,  extending  from  Jan.  24  to  July  23. 

5338.     UBootis. 

A  sharply  defined  minimum  at  12™.3  is  indicated  for 
1894  June  9,  by  18  observations,  between  1894  .Mar.  31  and 
July  6. 

5S87.      VOphiuchi. 

My  watch  on  this  star  began  too  late  to  furnish  an  accu- 
rate value  of  the  date  of  maximum  which  is  indicated  for 
1894  April  17.  1  have  2  observations  before  that  date, 
April  1 1  and  16,  and  9  after  it.  extending  to  July  23.  The 
magnitude  at  maximum  was  (>M.9. 

6207.  ZOphiuchi. 
My  observations  of  this  new  variable  began  1894  Mar.  0, 
at  which  time  it  was  8M.3.  It  rose  slowly  to  a  maximum, 
7M.5,  1894  April  30,  and  then  fell  still  more  slowly  till  at 
the  last  observation,  July  23,  it  was  about  9M.3.  I  have  19 
observations  in  all.  The  light-curve  is  quite  flat  near  the 
maximum,  which  may  have  occurred  10  days  earlier. 


NEW   SHORT-PERIOD   VARIABLE, 

By  A.  'W.   ROBERTS. 
Conl.  Z.C.  XVI,  357-'  ;     10h  50™  10%     —33°  24'.4     (1875). 
The    variation     of    this    star    was    discovered    in    April.     The    period    is    0.15    days.     The    ascending    period    is 
performed  in  about  two  days.     The  limits  of  variation  are  6M.8  and  7s'. 6.     In  the  Cordoba  Zone-Catalogue  the  mag- 
nitude is  noted  as  7M.0. 

Alice,  South  Africa,  1894  July  5.      " 


NOTE   ON   THE   VARIABLE   STAR   CORDOBA    GEN.  CATAL.  22855, 

By  W.  W.  CAMPBELL. 


While  observing  the  Wolf-Rayet  star  Cord.  G.C.  22838 
on  1893  June  8,  9  and  27,  I  noticed  that  the  7"  star  Cord. 
G.C.  22855,  shown  on  my  chart  of  that  region,  could  not 
be  seen  in  the  4-inch  finder.  Suspecting  the  star  to  be  a 
variable,  I  looked  for  it  again  on  1894  June  22,  when  it 

Mb.  Hamilton,  1894  Aug.  20. 


was  of  the  7th  magnitude.  It  was  fainter  than  the  9M.5  in 
June,  1893.  After  making  the  observations  I  found  that 
.Mrs.  Fleming  announced  its  variability  in  1890  (see  A.N. 
2997),  and  that  it  is  contained  in  Dr.  Chandlkk's  list  of 
unconfirmed  stats. 


The  above   confirmation  by  Prof.  Campbell   now  permits  the  definitive   notation  6050  RS  Scorpii ;  and   the   star   may   be   removed 
from  the  "  Unconfirmed  List "  of  the  Catalogue,  A.  J.  300.     Place  for    1855,     a  =  161' 45'"  7~,     8  =  — 44°  51'.6  ;    for    1900  a  =  16h  48m  22", 

S=— 44°  50'. 3.  —  Ed. 
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ANNOUNCEMENT   OF  NEW    VARIABLE. 

The   Rev.  T.  E.  Esnx   announces  (Wolsingham    Observatory,  Circular  No.  39)    that    "the  star     DM.  +50°2251, 

a  =  Hi'  1-..-,.     S  =  +oif  17'     (1900),     is  variable." 


CONFIRMATION   OF   VARIABILITY  OF    ((5894)  —L  YIl A  E. 

By  HENRY  M.  PARKHTJRST. 

The  above  star,  announced  by  Espin,  is  certainly  variable.     On  June  8    I  could   not  see  it:    on  July  7  saw  it 
faintly:  on  Ann.  7   it   had  nearly  reached    1"''. 

The  above  confirmation  permits  the  definitive  notation  6S94  S  Lyrai  :  and  the  star  maj  be  removed  from  the  "Unconfirmed  List," 
Table  III  of  the  Supplement  to  Second  Catalogue,  A.J.  319.  —  Ed. 


THE   SPECTRUM   OF   COMET  6  1894. 

By  W.  W.  CAMPBEL1  . 


The  spectrum  of  this  comet  was  observed  here  on  six 
evenings  with  the  36-inch  equatorial  and  Brashear  spei  tro 
scope. 

Visual  Observations.  The  continuous  spectrum,  and  the 
yellow,  green  and  blue  bands,  were  present,  having  about 
their  usual  relative  intensities.  "With  a  narrow  slit  1  was 
able  fco  see  a  bright  line  at  1563,  terminating  the  yellow 
band:  another  bright  line  at  it 474,  terminating  the  blue 
band:  and  two  bright  lines  in  the  green  band  were  meas- 
ured at  3.5163.5  and  15124.  These  four  lines  were  un- 
doubtedly the  edges  of  carbon  bands  at  wave-lengths  5635, 
4737,  5165.3  and  5129. 

The  bands  were  observed  with  the  slit  set  at  different 
widths.  The  effect  of  slit-width  upon  the  appearance  of 
the  bands  seemed  to  agree  in  every  respect  with  that 
pointed  out  by  Professors  Vogel  and  Kayser. 

Photographic  Observations.  The  spectrum  was  photo- 
graphed with  a  dense  60  prism,  and  a  lOJ-inch  camera 
lens.  One  negative,  exposed  about  lh  45m  on  May  1.  re- 
corded six  brjgjht  line's.  Another  plate  was  exposed  2h  on 
May  2.  and  2h30'°  on  May  '■'•.  or  4h30m  on  the  two  even 
It  shows  at  least  fifteen  bright  lines,  and  the  unresolved 
band  at   /.  4  7.      A  third   negative    was   exposed    3     30 

May  9,  and  3h  I0m  on  May  10,  or  7;'  1 on  the  two  nights. 

It  shows  at  least  twenty-two  bright  lines. 

The  wave-lengths  of  the  bright  lines  photographed  are 
tabulated  below.  Those  in  the  third  column  wen'  obtained 
from  accurate  measures  and  reductions  of  the  third  nega- 
tive ;  and  they  have  been  adopted  as  the  wave-lengths  of 
the  corresponding  lines  shown  on  the  first  and  seGond  nega- 
tives. The  chemical  origin  of  the  bright  lines  is  given  in 
column  four. 

*See  Publications  Astronomic*     -  ■•  tlu   Pacific,  Vol.  V., 

Mt.  Hamilton,  1894  Aug.  20. 


May  1    Maj  2,  3 

May  9,10 

Chemical  Origin     Eescript'n  of  comet 

bright  lines 

1736 

4736 

1735.8 

Carbon  4737.2 

v.  bright 

- 

4716 

1716.0 

4715.3 

V.  bi  i 

— 

— 

1697.4 

»       1697.6 

v.  bright 

— 

— 

1681 

1685  78 

v.  brig  ti  broad1 

very 

band 

Carbon 

2 

1367 

1367 

1366.6 

nogen  name'.'  bright 

— 

- 

4350.6 

faint 

— 

— 

1333.3 

v.  faint 

4313 

4313 

1312.6 

Cyanogen  flame? 

bright 

- 

1299 

4299.1 

bright 

_ 

— 

1233 

v.  faint 

4214 

4214 

4213.8 

Cyanogen  4216.1 

.lit 

- 

4196 

H96.7 

1     anogen  1 197.2 

bright 

- 

— 

1124 

v.  faint 

— 

4097 

4097.4 

faint 

- 

4071 

4070.7 

brig 

- 

1051 

1050.5 

bright 

— 

4041 

4040.9 

bright 

- 

4016 

1015.7 

bright,  broad1 

— 

3987 

3987 

faint 

3880 

3880 

3879.5 

aogen  3883.6 

5 

3869 

3869 

3869.4 

i  3871.5   v.  bright 

Possibly  double. 
-  Resl  of  band  is  unresolved 
'Probably  double  al   1074,  v  68. 


*  Probably  double  at  401:..  1013. 
:'  Brightest  line  on  negatives. 


t  A  comparison  of  this  spectrum  with  that  ofComet  b  1893* 
shows  that  tie  two  spectra  were  identical.  Twenty-five 
bright  lines  were  observed  in  the  spectrum  of  Comet  b  1894, 
ami  thirty  in  that  of  Comet  b  1893.  The  excess  of  five 
faint  lines  in  the  latter  spectrum  is  plainly  attributab 
greater  brightness  of  Conw  I  5  1893. 
The  principal  lines  in  the-  spectra  are  seen  to  be  due 
to  the  presence  of  carbon  ami  cyanogen  in  the  comets,  but 
tin-  origin  of  several  of  the  fainter  lines  is  still  unknown. 

208  210. 
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OBSERVATIONS  OF  COMET  b  1894, 

MAS]      \l     I  in     DUDLE1    OBS1  RVA  COB'S  . 

B-s    LEWIS  BOSS. 


L894  Alliain   M.T. 

* 

No. 
i  lomp. 

#- 
Aa. 

-* 

cv'  's  appareut 
a                        8 

log 
for  a 

?>A 

for  t 

June  21    10   16  13 

30     9  25     7 

July      t  10  33  35 

5     9  51   33 

6 

7 
8 
8 

5 
5 

7 

7 

r'l-j'i:. 
-3  59.85 
-2  27.38 
-(i  41.04 

+3    17.7 

+  n   5  1.1 
+  1    17. 0 
+2  16.7 

ll         In         s 

11  50  53.76 

12  8     6.68 
L2   15  34.10 
12  17  20.43 

+  12  53  16.1 
+  43  24     3.3 
+  43  30  29.2 
+43  31  28.9 

9.756 
9.707 

9.707 

'J. 7  12 

0.499 
0.298 
0.527 
0.413 

Mean   Places  for  1894.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

6 

i 
8 

h      ni       s 

11  55  34.37 

12  12     4.76 

12  17  59.72 

+  1.84 

+  1.77 

+42    L9  23.1 

+  4:!  23     4.2 
+  13  29     7.5 

+5.3 

+  5.() 

IttJj 

W.B.  1048 

W.B.  198 

Bonn  VI,  43°2215 

OBSERVATIONS   OF   COMET  b  1891, 

MADE    AT   THE    CINCINNATI    OBSEBVATORY, 

By  J.  G.  PORTER. 


1894  Cincinnati  M.T. 

* 

No. 

.  Comp. 

da 

-* 

4/'s  apparent 
a                         8 

log;>  A 
for  a       j     ford 

li         in       s 

July  22     9     3  29 
22     9  16  23 
27     9  29  52 

1 
■  > 

3 

8 

8 

12 

1)1         S 

+  0  28.05 
-0   54.07 
+  1   45.00 

i         " 

-2  53.8 

+4  18.1 
-1  32.7 

h       in       s 

12  47   20.H5 
12  47  27.2:; 
12   56   10.50 

O           '              II 

+43  25  16.6 

+  43  25  14.0 
+  43  17  41.5 

0.757 
0.707 
9.782 

0.307 

it.. ".5  7 
0.441 

Mean  Places  for  1S94.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

A  uthority 

1 

2 
3 

h       in       s 

12  46  5(3.41 
12  48  20.31 
12  51  23.15 

+1.59 

+  1..V.I 
+  1.51 

+43  28     O.s 
+  4:;  2ii  52.3 
+  43  19  11.0 

+3.6 
+3.6 

+  3.2 

Bonn  VI,  +43  2200 
Bonn  VI.  +43°2270 
Bonn  VI,  +43°2285                      * 

R&MABKS.     Comet  was  very  faint  on  both  evenings.     It  was  again  seen  on  August  3.  but  was  tuo  faint  to  measure. 
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VARIATION    OF  (341G)*  —  YELOEUM  AND  (5949)  —  AEAE, 

U\   A.  W.   ROBERTS. 


During  tin-  last  two  years  two  Algol-vaxiables  have  been 
discovered  in  the  Southern  hemisphere,  one  at  Lovedale  in 
L892j  ami  the  other  at  the  Cape  Royal  Observatory  in 
February  of  tin-  present  year.  The  first  star  is  Lacaille 
688.7  [No.  (5949)  in  Chandler's  Catalogue.]  Its  period 
is  4d  10h  12m  -12s,  the  duration  of  variation  being  about 
10h  20m. 

Most  i't  tin-  observations  have  already  been  reduced,  but 
the  star  being  still  well  suited  for  prolonged  observation)  it 
has  been  thought  best  to  delay  publication  for  a  little. 

Concerning  the  other  star.  Cordoba  General  Catalogue 
L3052,  a  =  9''  28m  30-.6,  S  =  -44D  89'  19"  (1875), 
[No.  (.'Uliii  (if  Chandler's  Catalogue],  the  same  reason 
for  delay  dues  not  exist.  It  is  now  so  low  down  in  the 
west  that,  for  the  next  three  or  four  months,  observations 
will  of  necessity  be  tew  ;  apart  therefore  from  the  advisable- 
ness  of  confirming  variation  as  soon  as  possible,  the  present 
time  is  tint  unsuitable  for  discussing  the  observations  made 
here  from  April  to  July. 

Although  Dr.  Gn.i.  most  kindly  communicated  to  me  its 
variation  early  in  February,  a  combination  of  circumstances 
—cloudy  weather  chiefly— hindered  my  obtaining  good  ob- 
servations for  some  time  ;  yet  the  observations  made  during 
February  and  March  were  sufficient  to  certify  the  nature 
of  the  star's  variation.  After  March  the  weather  became 
more  settled,  and  observations  were  made  more  regularly. 

It  would  burden  the  present  paper  unduly  to  give  all  the 
observations  made  here,  and  so  only  those  are  given  in  de- 
tail which  are  of  importance  in  determining  the  form  of 
the  light-curve,  that  is,  those  made  during  a  varying  phase. 

All  the  other  observations  indicate  that  for  5d  7h  the 
star's  light  remains  constantly  at  7M.8o.  Its  type  is  there- 
tore  unquestionable. 

Several  of  the  minima  took  place  at  full  moon.  5  light- 
periods   being  performed    in    almost   exactly  a   synodical 


month,  and  although  a  large  number  of  observations  were 
made  at  these  times  they  are  not  included  in  the  discussion, 
as  the  effect  of  moonlight  upon  magnitude  is  still  very  un- 
certain. 

Method  of  Observation.     Two   instruments  are  used  for 

tl bservation  of  variable  stars,  a  good  1-inch  theodolite. 

and  a  2j-inch  telescope.  Two  eyepieces  are  always  used, 
the  one  a  direct,  and  the  other  a  reversing  eyepiece.  The 
mean  of  both  is  the  observation  recorded.  The  two  stand- 
ard magnitudes  used  are  6.8  and  9.3.  The  former  magni- 
tude is  considered  to  be  that  of  a  star  just  on  the  threshold 
of  visibility  on  a  clear  evening:  the  latter  magnitude  is 
that  just  seen,  and  no  more,  in  the  1-inch  theodolite.  The 
same  comparison-stars  are  always  used,  and  their  magnitudes 
are  estimated  by  a  method  of  sequences  inter  se,  each  step 
being,  as  nearly  as  possible,  made  equal  to  0".l.  In  the 
present  case  the  sequences  were  made  upwards  from  9".3, 
and  consequently  the  values  given  represent  actual  magni- 
tudes, and  not  steps  merely. 

It  may  not  be  out  of  place  to  enter  more  fully  into  the 
necessity  for,  and  the  importance  of,  the  method  I  have 
adopted  of  observing  first  direct,  and  then  reverse. 

The  disturbing  influence  of  position  upon  magnitude  is 
well  known  among  variable-star  observers.  Dr.  Gould  has 
on  several  occasions  directed  the  attention  of  observers  to 
this  subjective  source  of  error.  Prof.  Pickering  has  dis- 
cussed the  matter  in  his  " Harvard  Photometry."  Its  exist- 
ence is  therefore  real  and  active  :  its  effect  may  be  traced 
in  every  catalogue  of  "suspected'*  variables;  it  is  to  light- 
measurement  what  instrumental  flexure,  eccentric  move- 
ment, is  to  meridian-observation. 

To  eliminate  this  source  of  error  is  therefore  a  necessity, 
and  I  think  there  is  no  method  more  simple  or  handy  than 
taking  two  observations,  one  of  them  being  in  a  reverse  po- 
sition from  the  other. 


*  This  continuation  by  Prof.  Robebts  pennits  the  definitive  notation  3416  S  Velorum  :  and  the  star  may  be  removed  from  the 
"Unconfirmed  List,"  Table  III,  of  the  .Supplement  to  Second  Catalogue  (A.  J.  319).  This  letter  is  chosen  to  avoid  confusion;  although 
the  variation  of  (3614)  (2?)  1".  lorum,  of  the  "Unconfirmed  List"  of  the  Second  Catalogue  (A. J.  300).  still  awaits  independent  con- 
firmation. —  En. 
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Before  adopting  this  method,  I  had  thought  of  having  a 
telescope  constructed  with  a  prism  in  the  focus,  so  that  the 
field  could  be  turned  round  in  any  direction.  With  this 
instrument  four  observations  would  be  taken,  one  in  each 
quadrant. 

In  taking  observations,  the  position  of  the  head  had  to 
be  carefully  noticed.  Thus,  for  example,  the  direct-vision 
eyepiece  is  very  much  longer  than  the  reversing  one.  and 
the  tendency  was  slightly  to  twist  the  head  in  looking 
through  it.  so  that  the  position  of  the  eye  with  regard  to 
the  two  eyepieces  was  not  similar.  This  apparently  trifling 
matter  caused  a  considerable  amount  of  trouble  for  a 
time. 

The  method  of  reduction  from  the  observed  measures 
may  be  illustrated  by  the  following  tallies.  In  table  1.  we 
have  ten  measures  of  the  variable  made  on  different  even- 
ings with  the  reversing  eyepiece.  It  may  be  stated  that  in 
the  reversing  eyepiece  A.Z.C.  IX  2429  was  the  lowest  stat- 
in the  field,  while  in  the  direct-vision  eyepiece  its  position 
was  highest.  A  glance  at  direct  and  reverse  measures  of 
this  star  will  abundantly  testify  to  the  influence  of  position  : 
at  least  in  my  case. 


I.     Measures 

MAD  1 '. 

with  Reversing  Eyepiece. 

Date 

A.Z.C. 

A.Z.C. 

A.Z.C. 

A.Z.C. 

Var 

2147 

2157 

2:101 

2429 

M 

M 

M 

M 

1894  May  25 

8.0 

8.2 

8.4 

8.2 

7.8 

25 

8.0 

8.1 

8.4 

8.0 

7.x 

31 

8.2 

8.1 

8.1 

7.8 

7.7 

June    1 

8.1 

8.1 

8.0 

7.9 

7.0 

■> 

8.0 

8.3 

8.2 

8.0 

7.s 

8 

8.0 

8.2 

8.0 

7.8 

i .  i 

July     4 

8.1 

8.2 

8.0 

7.9 

i .  i 

6 

8.1 

8.1 

8.0 

7.11 

7.7 

S 

8.1 

8.3 

8.1 

8.0 

7.S 

27 

8.0 

8.2 

8.1 

7.9 

7.7 

These  measures  are  not  in  any  way  reduced,  but  are 
simply  put  down  from  the  observing  sheet. 

Table  II  gives  the  measures  made  at  the  same  time  with 
the  direct-vision  eyepiece.  As  in  Table  I  the  results  are 
unreduced. 


II.     Measures 

MADE    WITH    DlRECT-VlS 

ion  Eyepiece. 

Date 

A.Z.C. 

A.Z.C. 

A.Z.C. 

A.Z.C. 

Var 

2147 

2157 

2301 

2429 

M 

M 

u 

M 

M 

1894  May  25 

7.S 

8.0 

8.2 

8.5 

8.0 

25 

8.0 

8.2 

8.4 

8.6 

7.s 

31 

7.8 

8.0 

8.4 

8.6 

8.1 

June    1 

7.6 

7.9 

8.3 

8.6 

8.0 

2 

7.8 

8.0 

8.3 

8.6 

7.11 

8 

7.8 

8.0 

8.3 

8.6 

7.9 

July    4 

7.8 

8.0 

8.5 

8.7 

7.8 

6 

7.0 

7.8 

8.4 

8.7 

8.0 

8 

7.8 

8.0 

8.4 

8.7 

7.9 

27 

7.8 

8.0 

8.4 

8.7 

S.O 

If   we  now   take   the  mean  of  these  apparently  contra- 
dictory measures  we  have  Table  III. 


III.     Me  \.\  of 

Reverse  axi>  Direct-Vision   Measures. 

Date 

A.Z.C. 

2147 

A./.c  . 
2157 

A.Z.C. 

2301 

A.Z.C. 

2429 

Var. 

Total 

is: i!  May  25 

u 

7.90 

8.10 

x.':;o 

M 

8.35 

7. 90 

Hl.M 

25 

8.00 

8.15 

8.40 

8.30 

7.SH 

10.65 

31 

son 

8.05 

8.25 

S.2H 

7. '.in 

in. Hi 

June    1 

7.85 

8.00 

S.15 

8.25 

7.80 

10.05 

2 

7.90 

8.15 

8.25 

8.30 

7.85 

40.45 

8 

7.90 

8.10 

8.15 

8.20 

T.sn 

40.15 

July     4 

7.95 

8.10 

8.25 

8.30 

7.75 

10.35 

6 

7.95 

7.95 

8.20 

8.30 

7.85 

10.15 

8 

7.95 

8.15 

8.25 

8.35 

7.85 

40.50 

27 

7.90 

8.10 

8.25 

8.30 

7.85 

4(1.40 

The  next  step  is  to  reduce  the  measures  to  the  same 
standard,  that  is.  to  make  all  their  totals  equal  to  the  mean 
total  of  Table  III. 


Table  I"\ 

Reduced 

Results. 

Date 

A.Z.C. 

A.Z.C. 

A.Z.C. 

A.Z.C. 

Var. 

Total 

2147 

2157 

2301 

2429 

u 

M 

M 

H 

ii 

M 

1894  Ma\    25 

7.86 

8.06 

8.26 

8.31 

7.86 

40.35 

25 

7.94 

8.09 

8.34 

8.24 

7.74 

40.35 

31 

7.99 

8.04 

8.24 

8.19 

7.s:i 

4o.  35 

June    1 

7.1)1 

8.06 

8.21 

8.31 

7.86 

40.35 

2 

7.88 

8.13 

8.23 

8.28 

7.83 

40.35 

8 

7.94 

8.14 

8.19 

8.24 

7.84 

lo.;c, 

July     4 

7.95 

8.10 

8.25 

8.30 

7.75 

40.35 

6 

7. Ml 

7.99 

8.24 

8.38 

7.89 

40.35 

S 

7.87 

8.12 

8.22 

8.32 

7.82 

40.35 

27 

7.S9 

8.09 

8.24 

8.29 

7.84 

40.35 

The  average  error  of  an  observation  is  ±0".038.  an 
amount  which  is  almost  identical  with  that  found  from  an 
examination  of  several  other  variables. 

I  have  dwelt  more  fully  upon  this  portion  of  my  paper 
than  I  had  at  first  intended  ;  but  an  exposition  of  the 
method  rigorously  adopted  in  reducing  the  observations  of 
this  star,  as  well  as  of  all  the  other  variables  observed 
here,  is  of  as  much  importance  as  the  results  obtained  from 
the  observations,  inasmuch  as  the  results  depend  to  some 
extent  on  the  method  of  reduction  adopted. 

It  may  be  remarked  in  passing,  that  if  m  be  the  aver- 
age magnitude  of  any  star  in  a  field  of  say  five  or  six 
stars,  and  m0  its  magnitude  at  any  date  obtained  by 
sequences  from  the  other  stars,  using  only  a  reversing  eye- 
piece, then 

m  —  m0  =  x  sin  (7i+ J/)  +  y  sin  (2h  +  X) 

where  /(  is  the  hour-angle    of   the  star,  and  x,  y,  JJ.  X. 
values  constant  for  the  same  star. 

The  same  formula,  adding  12  hours  to  h,  will  be  appli- 
cable to  magnitudes  estimated  with  a  direct-vision  eye- 
piece only.  The  magnitude  of  x  and  y  depends  on  the 
distance  of  the  star  from  the  center  of  the  field. 
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Detailed  Observations.     In  determining  the  magnitudes  of  the  variable  the  following  comparison-stars  have  beer 
used.     The  places  are  for  1875. 


A.Z.C. 

i  X  Hours 

2034 

a 

S 

Mag. 

A.Z.C. 

IX  Hours 

a 

8 

Mag. 

h        in        - 

9  25  1 1 

0            1                It 

-44  21  37 

7. so 

2175 

h        in       s 

9  26  49 

O            1            If 

-41   56  24 

9.15 

2126 

26   16 

44    11  59 

8.85 

2204 

27   17 

14  53     1 

9.70 

2137 

26  23 

11  5  1    16 

8.95 

2207 

27  18 

45  1  I  36 

8.80 

I'M  7 

26  34 

45  27  24 

7.95 

_ 

28     8 

II  37  57 

9.40 

2153 

26  36 

44  40  57 

8.90 

2301 

2S  31 

11   57  41 

8.25 

2157 

26  38 

45     3  53 

8.10 

_ 

29  18 

44  42  36 

9.15 

2174 

9  26  49 

-44  34  48 

9.20 

2  129 

9  30  11 

-44  41)  29 

8.33 

The  magnitudes  of  these  comparison-stars  have  been  obtained  by  the  method  already  described. 
ol.M'i'vation  have  been  reduced  to  Greenwich  mean  heliocentric  time. 


All  the  times  of 


L894  Apr 

7  1. 

1894  April  13. 

-Cont. 

1894  May  7.- 

-Cont. 

1894  July  23. 

G.M.T. 

Obsen  ed 

O— C 

G.M.T. 

( Ibsen  ed 

O— C 

G.M.T.     Observed 

o— c 

G.M.T. 

• ibservec 

o— c 

Ii       m 

u 

M 

ii     in 

M 

u 

ll          III                   M 

U 

h         111 

H 

H 

r>  35 

7  83 

-0.02 

10  34 

9.20 

-0.05 

7     2         9.20 

-0.05 

4  36 

8  25 

0.00 

6  35 

7.90 

+  0JI5 

11   26 

9.25 

0.00 

7  32         9.20 

-0.05 

4  39 

8.30 

+  0.03 

7     i) 

7.85 

0.00 

11   34 

9.27 

+  0.02 

8     2        9.20 

—0.05 

4  43 

8.25 

—0.04 

7  35 

7.80 

-0.05 

12     4 

9.20 

—  0.05 

8  47         9.20 

-0.05 

5     7 

8.45 

+0.03 

8     5 

7.86 

+0.01 

12   21 

9.25 

o.oo 

Average  error  = 

±0".044. 

5  15 

8.50 

+0.02 

s  :;.-, 

7. si 

-0.04 

12  34 

9.20 

-0.05 

5  22 

S.55 

-+  0.02 

9  10 

7.90 

0.00 

12  40 

9.25 

0.00 

1894  May 
1  23         9.25 

25. 

5  32 

8.65 

+  0.05 

9  50 

7.93 

-O.OS 

13  19 

0.25 

0.00 

0.00 

5  42 

8.70 

+0.02 

10     5 

8.03 

-0.01 

Average  error  = 

fc0".036. 

4  53         9.30 

+  0.05 

5    16 

8.70 

-0.01 

10  35 

8.19 

+0.06 

5  48         8.75 

—  0.08 

5  56 

S.75 

-0.06 

11     5 

S.25 

+0.02 

1894  May 

1. 

5  57         8.73 

-0.01 

6     1 

8.75 

-0.14 

11   35 

8.45 

+  0.07 

5     3 

9.20 

—0.03 

6   17         8.60 

+0.03 

6     6 

s.si; 

—0.05 

12    5 

8.5() 

-O.os 

5     8 

9.20 

—  O.o5 

6  38         8.40 

-0.03 

6  16 

O.oo 

—  0.01 

12  35 

8.90 

+0.05 

5  31 

0.25 

0.00 

6  54         8.40 

+  0.07 

6  26 

9.10 

—  0.05 

13     5 

9.10 

-0.10 

5  51 

9.30 

+  O.05 

7  14         8.35 

+  0.11 

6  36 

9.20 

—  0.05 

Average  error  = 

±0».042. 

6  36 

9.30 

+  0.05 

7  31         8.15 

-0.03 

Average 

■  error  = 

±0».037. 

6  43 

9.30 

+  0.O5 

7  49         8.15 

+  0.03 

ISO]  July 

29. 

1894  Apn 

1  13. 

6  58 

9.30 

+  o.o5 

8  15        8.10 

+0.06 

i   37 

S.05 

-0.04 

5       1 

—  on 
i  .OO 

—  0.02 

7     3 

9.25 

o.oo 

8  40         s.oo 

+0.02 

4  40 

9.05 

+0.02 

5  .",1 

7.S5 

o.oo 

8     3 

0.2O 

-0.O5 

9     6         7.90 

-0.01 

1    11 

9.05 

+  0.01 

6     4 

7. '.12 

0.00 

8    8 

9.25 

0.00 

9  45         7.90 

+0.05 

4  43 

9.10 

+0.03 

6  34 

8.10 

+  0.10 

9    3 

9.30 

+  0.05 

9  58         7. so 

-0.05 

1  -17 

9.15 

+  0.03 

6  51 

8.05 

+0.01 

10    3 

9.25 

o.oo 

A\erage  error  = 

±0«.042. 

4   49 

9.15 

0.00 

7  26 

8.20 

+0.06 

10  13 

9.20 

—  0.05 

4  50 

9.20 

+  0.04 

7  44 

8.25 

+  0.05 

10  48 

0.2O 

—  0.05 

1894  May 

31. 

1   52 

9.25 

+  0.06 

8     4 

8.30 

+  0.01 

lo  53 

9.25 

0.00 

6     7         8.05 

-0.09 

4   57 

9.25 

0.00 

8  11 

8.30 

-0.01 

Aver 

ige  error  = 

±0».032. 

6  25         s.oo 

-O.os 

5     7 

9.25 

o.oo 

8  32 

8.40 

-0.04 

6  47         7  95 

-0.07 

5  27 

0.25 

0.00 

8  39 

8.40 

—0.09 

isol  Mai 

7. 

6     7         7.05 

—0.02 

5  33 

9.25 

o.oo 

9     2 

8.70 

+0.04 

1   1"_' 

9.20 

-0.05 

6  27         7.oo 

-0.02 

5  41 

9.25 

O.OO 

9     '.» 

8.65 

—0.07 

5  32 

9.20 

—  0.05 

Average  error  = 

±0».056. 

5  49 

9.25 

O.OO 

;i  34 

9.10 

+  0.1  1 

5  52 

9.20 

-0.05 

Note.     Night  liazj 

,  and  obser- 

5   57 

9.25 

o.oo 

lo     4 

9.30 

+  0.0.-, 

6  32 

9.25 

O.oo 

vations  difficult. 

A\  erag 

3  error  = 

±0".  oi.-,. 

It  has  already  been  stated  that  only  those  observations 
are  given  which  were  taken  during  a  minimum-phase. 

Measures  were  made  regularly,  night  after  night,  but 
there  is  no  necessity  for  giving  them. 

Reduction  of  Observations.  If  we  regard  the  variation 
of  this  star  as  due  to  an  eclipse  of  one  star  by  another. 


then  we  may  represent  the  amount  of  variation  as  a  function 
of  the  time. 

Tims,  let  M  be  the  magnitude  at   a   maximum  :    M 
magnitude  at  any  time,  t,  during  the  decreasing  phase;   1> 

the  date  when  the  two  discs  just  touch:   then 

.1/-.1/;,  =  .r (D-t)+!/{n-ty+z(D-ty+ ^D-fY. . ..  (i) 
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A.s  D  may  be  known  with  fair  exactness  by  a  graphical 

solution,  let 

D  =  D,+  Ad 

and  as      D1—t     will   thru   lie   known,  we   may   write   equa- 
tion (1)  in  the  form 

(2)  M-  MD  =  .-•(/,  +  .  Id)  +  '/(',+  IS) 

'     +  ::(tl  +  J8)i  +  wfr  +  JdY 

w  liere  tx  =  Dx—t 

Expanding  this  equation  and  making 

u  =  .,-.lfi  +  !/.l!s-  +  zJSa+ivJ8i.  .  .  . 

p>  =  .,■  +  2//  JS  +  3z  48  ■  +  -IU-JS" 

r  =  y+ZzJS  +  bwM* 

8  =  z  +  4mM  .... 

t  =   w+ 

equation  (2)  becomes 

(3)  M-M0  =  a  +  fit,  +  yt*  +  cV,3  +  etf 

For  the  ascending  period  an  equation  of  a  similar  type 
may  be  formed,  equation  (2)  being  of  course 
M-Mu  =  x  (tx-M)  +  y(t1-J8)!i+  z  &-J8) 3  +  w  ft-^8)4 

The  observations  themselves  give  as  the  limits  of  vari- 
ation, 7". 85  and  9". 25.  We  may  therefore  determine  for 
each  evening  the  values  of  x,  y,  z,  w  ;  the  time  D  of  be- 
ginning or  end  of  eclipse  ;  the  time  of  minimum  phase,  and 
also    the   weights  of   these    values.     To   obtain  the   most 


probable  period,  and  the  mean  probable  values  of  x,y,z,w, 
is  but  a  step  more. 

In  this  \\a\  the  following  elements  of  this  variable  were 
rigorously  computed. 

Period  of  variation. 
Descending  period, 
Stationary  period  at  minimum, 
Ascending  period, 
Stationary  period  at  maximum, 

Epoch  of  commencement  of  descending  phase, 
1894  May   1. 

end  of  descending  phase. 

beginning  of  ascending  phase, 

end  of  ascending  phase, 
Law  of  variation  : 
M—M0  =  0m.1622*1-  0m.0256i!1s  +  0,n.0133*18+  O'».00o:; // 
<j  being  the  time  to,  or  after,  minimum. 

The  form  of  the  light-curve  can  best  be  seen  by  reducing 
all  the  observations  given  in  this  paper  to  the  minimum  of 
1894  May  1.  It  may  specially  be  noticed  here  that  a  second- 
ary maximum  does  not  appear,  the  fall  and  rise  being  quite 
regular.  Indeed,  I  think  the  "secondary  maximum"  is 
often  made  a  good  excuse  for  poor  observations.  Frequently 
what  has  apparently  seemed  a  decided  wave  in  a  curve  has 
disappeared  Avitli  more  careful  reduction. 
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Int'  rpretafion  of  Results.  The  natural  explanation  of 
the  variation  of  this  star  is,  that  here  we  have  the  opposite 
of  what  we  have  in  the  ease  of  Algol.  Algol  is  a  bright  star 
with  a  dark  companion.  This  variable  is  a  dark  central 
star,  with  a  brighter,  but  much  smaller  companion,  revolv- 
ing round  it.  The  magnitude  of  the  primary  is  9M.25,  of 
tin-  companion  about  8*.05.  When  the  star  is  at  a  mini- 
mum we  have  the  light  of  the  primary  only,  and  the 
variable  remains  for  over  six  hours  at  9M.25.  At  a  maxi- 
mum we  have  the  combined  light  of  both  stars,  that  is, 
7M.85. 

Considering  the  eclipse  as  a  central  one  the  ratio  of  the 
two  diameters  will  be  as  4.'! :  109. 

Thf  assumption  that  the  eclipse  is  a  central  one  gives  us 
also  the  relation  between  the  diameters  ami  the  distance 
thai  separates  the  two  stars,  for  it  is  evident  that  it  the 
smaller  star  takes  L0.9  hours  to  pass  across  the  primary, 
and  14L'.4  hours  to  describe  its  orbit,  then  the  diameter 
of  the  larger  star  cannot  be  less  than  one-half  the  distance 
between  the  two  stars. 

It  is  much  to  be  regretted  that  the  star  cannot  be  passed 
under  the  scrutiny  of  the  spectroscope.  Such  an  exami- 
nation would  yield  a  most  valuable  train  of  facts,  and 
would  raise  probable  results  into  actual  knowledge.  It  is 
to  be  hoped  that  ere  long  we  will  have  in  the  southern 
hemisphere  a  spectroscope,  so  adapted,  anil  so  powerful. 
that  in  half  a  dozen  nights  we  will  have  settled,  without 
the  prospect  of  a  doubt,  the  motions  of  this  peculiar  binary 
system  :  and  above  all.  the  motions,  relative  masses,  dis- 
tances, and  hence  parallax  of  «._.«,  Centauri. 

When  this  explanation  of  the  variation  of  this  star 
occurred  to  me,  I  bethought  me  of  seeing  how  far  the  theory 
of  an  eclipse,  such  as  I  have  indicated,  would  be  met  by 
the  law  of  variation  resulting  from  a  least-square  solution 
of  the  different  observations. 

It  was  necessary  for  such  an  investigation  that  the  light- 
ratio  lie  known  as  accurately  as  possible.  I  am  certain 
most  observers  will  agree  with  me  that  the  present  accept,  d 
value  2.512  i>  too  small. 

It  certainly  takes  a  group  of  at  least  three  ninth  magni- 
tude stars  to  give  the  same  light  as  an  eighth  magnitude 
star. 

With  the  very  inadequate  means  at  my  disposal— a  sex- 
tant on    an  altazimuth    stand— I   made  some  observations 
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towards  obtaining  a  ratio  that  would  fit  better  in  with 
facts.  I  brought  two  stars  into  tin-  same  held,  and 
mated  their  magnitudes;  then  by  the  movements  of  the 
sextant,  superimposed  them  on  one  another,  and  again 
noted  the  resultant  magnitude.  This  was  done  several 
times,  and  the  results  obtained  gave  as  the  light-ratio  ::  :; 
At  some  more  convenient  time  I  hope  to  take  up  this  ques- 
tion  again,  for  it  is  one  which  will  have  more  than  a  mere 
theoretical  value  in  the  discussion  of  short-period  variat 

Taking  3.3  as  a  probable  value  of  the  light-ratio,  we 
find  that  at  a  maximum  tic  combined  light  of  both  stars 
(7".85)  is  5.32  times  the  light  of  the  central  star  alone 
(9".25)  ;  that  is,  the  companion-star  is  4.32  times 
than  the  primary.  As  the  smaller  star  moves  behind  the 
r.  it  becomes  an  easy  geometrical  problem  to  ascertain 
the  amount  of  eclipse  at  any  time.  And  from  tie.'  light- 
ratio,  •"'.•'!.  it  is  a  simple  matter  to  convert  the  amount  of 
light  into  magnitudes.  The  following  table  gives  the 
amount  of  light  given  out  by  the  two  stars  at  intervals  of 
30'"  after  the  end  of  full  eclipse,  and  the  corresponding 
value  in  magnitudes.  Column  4  gives  the  magnitudes  as 
obtained  from  the  actual  light-curve;  and  column  5  gives 
the  correspondence  b<  tween  the  two. 


Time  after 
niin. 

Amount  of  Amount  ex- 
light  emitt'd    pressed  in 
bj  both  stars  magnitudes 

Observed 
magnitude 

Residuals 

h        m 

II       II 

1.00            9*25 

M 

9.25 

+  0.1  "I 

0  30 

1.34            9.00 

8.88 

+0.12 

1     0 

1.89            8.72 

8.60 

+  0.1  L' 

1   30 

2.50            8.48 

8.40 

+0.08 

2     (i 

3.14            8.29 

8.24 

+0.05 

L>  30 

3.75 

S.14 

S.l  1 

+0.00 

:;    o 

4.32 

S.I  H' 

S.I  15 

-0.03 

3  30 

4.S5            7.93 

7. '.17 

-0.04 

4     i) 

5.22            7.88 

7.89 

-0.01 

It  is  possible  that,  when  the  light-ratio  is  more  accu- 
rately known,  the  residuals  will  be  less  persistent  in  sign; 
however,  it  seems  to  me  that  the  correspondence  between 
theory  and  observation  is  close  enough  to  warrant  our 
accepting  the  explanatii  ai  l  true  interpretation  of 

t  he  facts  obsen  ed. 

I  would  desire  to  acknowledge  my  indebtedness  to  Dr. 
Gill  for  early  information  concerning  this  star,  and  for  the 
positions  of  two  of  the  comparison-stars. 


NoTE   ON 


ACCOUNTING    FOR   THE   SECULAK   VARIATIONS   OF   THE   ORBITS 
OF    VENUS  AND   MERCURY, 

Iiv  SIMON    NEWCOMB. 


The  study  of  the  secular  variations  of  the  orbits  of  the 
four  inner  planets,  as  derived  from  observation,  has  led  me 
to  the  conclusion  that  the  perihelion  of  Mercury  is  not  the 


only  element  the  secular  variation  of  which  cannot  be  satis- 
factorily  represented  by  existing  theory.  The  motion  of 
the  node  of  Venus  cannot  be  explained  except  by  supposing 


118 


THE     ASTRONOMICAL     JOURNAL. 


N"  327. 


errors  of  observation  which  do  not  seem  admissible,  while 
the  motions  of  the  eccentricity  and  node  of  Mercury  also 
deviate  suspiciously  from  the  results  of  any  probable  values 
of  the  masses  of  the  disturbing  planets. 

These  anomalies  cannot  be  simultaneously  explained 
either  by  an  Lntra-mercurial  zone  of  planets,  by  the  action 
of  matter  reflecting  the  zodiacal  light,  or  by  a  deviation  of 
gravitation  from  the  usually  accepted  law.  The  uncertainty 
as  to  the  mass  of  Mercury  makes  the  construction  oven  of 
a  working  hypothesis  difficult;  but,  aparl  from  all  con- 
siderations of  probabilities,  a  priori,  the  hypothesis  which 


best  represents  observations  is  that  of  a  ring  of  planetoids 

fit. small  eccentricity  a  little  outside  the  orbit  of  Mercury, 
and  a  little  more  inclined  to  the  ecliptic.  The  total  mass 
of  the  ring  may  range  from  one-fiftieth  to,  perhaps,  one 
three-hundredth  of  the  mass  of  Venus,  according-  to  its  dis- 
tance from  Mirriiri/. 

Until  I  have  made  a  more  careful  investigation  of  the 
subject,  including  a  determination  of  the  probable  elements 
of  the  hypothetical  ring,  it  will  be  impossible  to  decide 
whether  tin'  results  of  the  hypothesis  are  such  as  to  coun- 
terbalance its  extreme  improbability. 


KPIIEMERIDES   OF  LONG-PERIOD   VARIABLES   FOR   1895, 

By  S.  C.  CHANDLER. 


The  following  tables  of  maxima  and  minima  of  variables 
of  long  period  have  been  calculated  from  the  elements  of 
the  Second  Catalogue,  and  the  Supplement  (A.J.  300  and 


319).  To  save  repetition  reference  is  made  to  the  remarks 
and  explanations  accompanying  the  ephemeris  tor  L894 
(A.J.  308),  all  of  which  apply  equally  here. 


January 

806  oCeti  13 

845i2Ceti        .  21 

906  KTrianguli  19 

1222  BPersei  20 

l582  5Tauri  28 
1623  Z7  Camelopard.   7 

1717  I'Tauri  8 
1981  S  Camelopard.    6: 

2583  /..,1'uppis  13 

2684  SCanismin.  15 

3567  FLeonis  10 

1521  BVirginis  3 

6903  T  Sagittarii  29 

7  loo  /'Arpiarii  24 

8591  J'Cephei  12 

February 

4(16  FPisciuni  24 

494i?Sculptoris  6 

513BPiscium  27 

2100  (7 Ononis'  27 

2539  BCanis  min.  3 

3170  S  Hydrae  12 

3637  SCarinae  24 

4816  FVirginis  7 

5095  7?Centauri  15 

5237  BBootis  12 

5583A'Librae  11 

5770  BHerculis  17 

5856  /rOphiuchi  16 

5887  V  Ophiuchi  7 

5903  FScorpii  28 

6624  7/Serpentis  5 

6921  S  Sagittarii  22 

6943  7'Sagittac  24 

7o71   rCapricorni  2d 

7o77  XCapricorni  4 

7909  SPiscis  aus.  27 


March 

1771  BLeporis  22 

l".)7i;  rCancri  16 

41H2  rYirginis  3 

4557  S'UrsaeMaj.  20 

5157  S  Bootis  3 

5194  V  Bootis  6 

5338  U  Bootis  11 

5504  .S'Coronae  22 

5617  U Librae  27 

5830BScorpii  11 

6062  BB  Scorpii  5 

6207  Z  Ophiuchi  29 

7192  £  Cygni  4 

7242  S  Aquilae  9 

7428  UCygni  7 

7456  BR  Cygni  3 

8230  S  Aquarii  8 

April 

112BAndrom.  12 

243  CCassiopeae  5 

782  R  Arietis  18 

893  f7Ceti  11 

1574JFTauri  5 

1577J2Tauri  3 
2625  FGeminorum    3 

3493  i?  Leonis  11 

3994  S  Leonis  2 

4511  T  Ursae  M"aj.  28 

5430  T  Librae  9 

5593  JCLibrae  28 

5044  Z Librae  20 

5704  RR  Librae  27 

5795  IFScorpii  8 

5931  S  Ophiuchi  5 

6512  THerculis  15 

6849  R  Aquilae  25 

6905  R  Sagittarii  Id 


Maxima,  1895. 

April 
7252TTCapricorni  9 
7468  T  Aquarii  8 

7733  F  Capricorni  8 
7  7ol/rCygiii  20 

May 

715  S  Arietis  27 

2583  L2Puppis  30 

3184  T  Hydrae  22 

4407-BCorvi  15 

1521  BVirginis  28 

4596  .'Virginis  21 

4847  S  Virginis  21 

5037  BR  Virginis  28 

5174  RS  Virginis  26 

5438  F  Librae  15 

5501  S  Serpentis  22 

5675  rCoronae  25 

5776  A"  Scorpii  15 

(lit  11  Xllerculis  30 

6682  X  Ophiuchi  20 

7261  BDelphini  10 

7455  U Capricorni  29 

7560  .BVulpeculae  10 

7907  U  Aquarii  15 

7944  TPegasi  27 

8068  S  Lacertae  6 

8373  S  Pegasi  9 

8597  FCeti  18 

June 
1717  T'Tauri  26 

1805  I'Orionis  29 

2013  CTAurigae  7 

2258  FAurigae  30 
2528  -R  Geminorum  3 
2780  T  Geminorum  22 
341SA>Carinae  17 


June 

3825  E  Ursae  Maj.  8 

4'.»K)ir"IIvdiae  20 

5070  Z  Virginis  6 
5190  E  Camelopard.  26 

5831  S  Scorpii  21 

5955  I!  Draconis  2 

7085i?rCygni  17 

7139  RR  Sagittarii  9 

8153  .RLacertae  9 

July 

845RCeti  7 

976  T Arietis  12 

1635  RBeticuli  12 

2478RLyncis  7 

."■177  R Leonis  min.  31 

3637  S  Carinae  23 

4315  7?  Comae  6 

5095  /.' Centauri  25 

5249  1'Librac  1 

5494  S  Librae  9 

5583  A"  Librae  25 

5761  Z  Scorpii  27 

5S89  fVHerculis  27 

5950"  III lerculis  24 

7118  A" Aquilae  27  : 

7220  S  Cygni  13 

7299J7Cygni  6 

7444  TDelphini  19 

7448  W  Aquarii  9; 

8512  R  Aquarii  3d 

August 

107  rCassiopeae  9 

466  CTiscium  16 

12222JPersei  22 

lo7IJ/"Tauri  25 

I  1582  S  Tauri  4? 


August 

1855  B  Aurigae  31 

L'74l'  S  I  leminorum  1 6 

5511  RS  Librae  7 

6943  7'Sagittae  20: 

7045  M  Cygni  2 

7242  S  Aquilae  3 

7456  RR  Cygni  16 

7571  /'Capricorni  2 

7659  7'Capricorni  9 
7754  7rCygni  29 
S290  A' Pegasi  22 
8600  B  Cassiopeae  23 

September 

494  B  Sculptoris  2 

b';77  TVirginis  15 

4948  RCanis  Yen.  5 

5237  B  Bootis  24 

5338  CBootis  3 

6132  ROphiuchi  3 

6512  THerculis  26 

74:;i  S  Delphini  6 

7450  V  Aquarii  26 

7660  BVulpeculae  25 
7577  XCapricorni  1.0 
7609  TCephei  12 
7783  BU Cygni  27: 

October 

114  S  Ceti  18 

782  R  Arietis  21 

906  KTrianguli  8 

1761-ROrionis  19 

2583  igPuppis  13 

2691  TCanis  min.  29 

3060  FCancri  9 

3170  S  Hydrae  27 

3567  PLeouis  11 
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October 

November 

3994  S  Leonis 

13 

1981  SCamelopar 

d.  2: 

4492  Y  Virginis 

8 

2266  V  Monocerotis  1 

4521  R  Virginis 

20 

2735  U Canis  min. 

2 

1557  S  D  rsae  Maj 

28 

2857  ri'uppis 

5 

4816  P  Virginis 

15 

2946  BCancri 

27 

.■">c.77  iSSerpentis 

15 

3890  /("Leonis 

13 

5830  JJScorpii 

22 

5157  SBootis 

26 

6921  S  Sagittarii 

11 

5194  1   Bootis 

17 

7468  FAquarii 

29 

5617  i  Librae 

8 

7  7 .' ; .' ;  FCaprieorni 

:;i 

5776  -STScorpii 

30 

S06S  S  Lacertae 

7 

5795  U'Scorpii 

17 

January 

Mi 

irch 

782  BAiietia 

16 

2583  L^Puppis 

31 

1574  H'Tauri 

17 

4521  R  Virginia 

21 

1855  R  Aurigae 

2 

5494  S  Librae 

31  : 

31  B6  FCancri 

8 

5950  TTHerculia 

21 

3418  2?  Carinae 

15 

7045  R  Cvgui 

5 

■1511  rDisae  Maj. 

10 

7085222' Cygni 

9: 

cull  SHerculis 

2: 

7560  It  Vulpeculae 

9 

6512  7'Herculis 

27 

7609  rCephei 

3 

6682  XOphiuchi 

0: 

7659  7*  Capricorni 

27: 

7  1  39  11  li  Sagittarii 

20 

7779  £  Cephei 

31 

7252  FPCapricorni 

12 

829022Pegasi 

3: 

7456222  Cygni 

22: 

8600  22Cassiopeae 

6 

7  168  1  Aquarii 

10 

778322  ETCygni 

30: 

April 

19  1  R  Seulptoris 

23: 

February 

845  2?  Ceti 
2742  S  Geminorun: 

27 
10: 

2478  A'  Lyncis 

1-1  : 

3637  6'  Carinae 

27 

2528  A*  GeminOrun 

2 

3477  7?  Leonis  miu. 

11 

3  T  *i  v 

3825  BUrsae  Maj. 

21 

1 14  SCeti 

26 

4596  ^Virginia 

22 

466  EAPiscium 

25 

5190  2*  Camelopard.  11 

1222  22Persei 

18 

5889  THerculis 

10 

1582  STauri 

26? 

5955  R  Draeonis 

10 

2735  CCanis  miu. 

11 

7220  S  Cygni 

19 

5095  BCentauri 

26: 

7751  W  Cygni 

7 

5583  X  Librae 

6 

5677  22Serpentis 

17 

March 

7242  S  Aqnilae 

23 

976  TArietis 

7 

7431  S  Delphini 

11 

1717  TTauri 

29 

7  150  V Aquarii 

26 

1 761  22  Orionis 

19  : 

7577  X Capricorni 

16 

November 
5928TOphrachi 

5931  5  Ophiuchi  25 

7192  .Z  Cygni  24 

7234  R(  Japricorni  3 

7252  W  Capricorni  3 

7458  FTMphini  24 

7909  S  Piacis  aus.  26 

December 

-I34X  Pi.-eium  21 

806  o  Ceti  9 

Minima,  1895. 

June 
434  S  Piscium  4 

906JBTrianguli      11 
15  74  H'Tauri  8 

1981  <S  Camelopard.  5 
2684  S  (  anis  min.  30 
3994;S  Leonis  10 

5237  R  Bootis  15 

5338  CBootis  5 

5795  TPScorpii  2-1 

6921  5  Sagittarii  23 
6943  FSagittae  16 
775  1  H'Cvgni  17 

8591  FCepuei  1 

July 

782  2?Arietis  21 

19 44  S  Orionis  2 

2946  22Cancri  24 

4492  Y Virginis  15 

4557  S  Ursae  Maj.  7 

5157  5  Bootis  19 

6512  THerculis  10 

6905  R  Sagittarii  25: 

7120JCvgui  26 

7192ZCygni  22: 

74562?/.' Cygni  7: 

7560  J!  Vulpeculae  25 

August 

806  o  Ceti  19 

2213 /,  Geminorum    16 

2539  22  Canis  miu.    24 


December 

SI5/.MV1,  21 

893  I  Ceti  3 

1113  U Ancris  21 

1717  /'  Tauri  12 

2684  S  Canis  min.  11 

2976  FCancri  13 

3637  S  Carinae  18 

1596  /'Virginis  14 

5(137  RR  Virginis  31 

5430  A  Librae  3 

5831  S  Scorpii  15 


August 

2583  ZjPuppis  14 

2625  P"Geminorum  24 

4521  R  Virginis  13 

4826  2?Hydrae  18 

5194  FBootis  12 

5 4; 30  T  Librae  20 

7252  ll'Capiicorui  8 

7468  T  Aquarii  2 

September 

243  f/Cassiopeae  8 

132  S  Cassiopeae  9: 

513  R  Piscium  8  : 

1717  FTauri  14 

2976  FCancri  2  : 

3493  R  Leonis  28 

3637  5  Carinae  24 

4511  rUrsaeMaj.  21 

4596  U  Virginis  17 

7085  TJTCygni  15: 

7428  FCygui  21 

October 

715  SArietis  1  : 

845  R  Ceti  12 

1574TTTauri  28 

1577  2?Tauri  5: 

2100  (/Orionis  15: 

5494  5  Librae  9: 

5583XLibrae  16 

5955  R  Draeonis  14 

6044  6'Hereulis  29 


December 

5887  FOphiuchi  7 

6062  RR  Scorpii  8 

6905  R  Sagittarii  30 

6923  ^Sagittarii  30: 

70852JTCygni  24 

7241'  S  Aquilae  27 

7455  '  < lapricorni  18 

7779  SCephei  13 

8230  S  Aquarii  13 


October 

6849  R  Aquilae  20 

7242  S  Aquilae  16 

775  1  HTygni  26 

November 


466  A  Piscium 

14 

494  R  Seulptoris 

17 

1582  5  Tauri 

30 

1771  R  Leporis 

1 

3418  R  Carinae 

22 

5095  2?Centauri 

3 

5190  R  Camelopard.  8 

5338  U  Boot  is 

29 

5504  >S  Coronae 

22 

5675  T'Coronae 

2  7 

6682  XOphiucui 

26 

December 

112  2?Androm. 

6 

1222  BPersei 

12 

2583  /.  Puppis 

29 

3825  R  Majoris 

23 

3994  5"  Leonis 

22 

4847  S  Virginis 

24 

5950T7Hereulis 

28 

6512  THerculis 

22 

6948  rSagittae 

10 

713'.'  RR  Sagittarii 

24 

7456 /./.'Cygni 

20 

75  60  R  Vulpeculae 

9 

7577  A* Capricorni 

20 

7659  rCapricorni 

21 

OBSERVATION   OF   COMET  b  1891, 


HADE   WITH   THE    12-INCH    EQUATORIAL    AM)    FILAR   MICROMETER   OF   THE    DETROIT   OBSERVATORY,    ANN   ABBOB,    MICHIGAN. 

By  SIDNEY   I).  TOWNUEY. 
[Communicated  by  the  Director  of  the  Observatory.] 

No  £/ —  *  ^'s  apparent 

*  Comp.  z/a  /8  a  8 

1       :     10.6    I    -0'"  19\7G    I  +2' 19".0  I  11"  20m  4".75  I  +40°  48' 18".2 


1894  Greenwich  M.T. 
June  7  15   56     18 


Mean   Place  for  1S94.0  of  Comparison- Star. 
^  a  Reduction  8  Reduction  Authority 

1      |    llh  20m  22'.69    |     +1-.82    |     +40°  45'  53".5    I  +5".7  I    W.  Bessel  XI,  336 


log  ;A 

for  a  for.' 

9.708   I  0.393 
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OBSERVATIONS  OF  COMET  b  1894, 

MAD]      LT    nil.    IMll.li   STATUS    NAVAL   OBSEBVATOIH     WITH    THE   9.6-INCH    RQUATOBIAL, 

ll\    Pkof.   EDGAB    FRISBY. 
[Communicated  by  the  Superintendent.] 


1894  Washington  M.T. 

* 

No. 
Comp. 

da 

-* 

&?'s  apparent 
a                        8 

log 

for  a 

fort! 

h       m        s 

June      2     9   I'.i  39.8 

1 

20  .  1 

in        8 

-3  10.45 

-0  38.3 

ll             111           B 

11     6   17.10 

O                t               II 

+39  22  42.8 

9.622 

0.066 

15  K>  21  46.7 

2 

20  .   1 

+  o  22.63 

-3  53.8 

11  38  25.02 

+  42   1  1   51,1 

9.75  1 

0.543 

22  10     6  19.8 

3 

20  .  1 

-0  52.13 

-5  19.0 

11  52  50.54 

+42  58   10.5 

9.755 

0.312 

23   L0  25    18.9 

3 

17.4 

+  1     7.30 

-1       1.9 

11  54  49.95 

+43     2  27.6 

9.771 

0.386 

28   1"    17     4.0 

1 

L5  .  3 

+  2  43.98 

+  4  35.3 

12     1  28.43 

+43  19  43.7 

9.791 

0.481 

July       7    10    12    10.8 

5 

5  .  1 

+  1  13.86 

+  6     9.1 

12  21      1.25 

+  43  32  46.7 

9.79:; 

0.528 

Mean   Places  for  1894.0  of  Comparison- Stars. 

* 

a 

lied,  to      |                    5                         Red.  to                                                    • 
app.  place                    <->                 |   app.  place                                       Authority 

1 

2 

3 
4 
5 

11     9  56.12 

11  38     o,59 

11  53  40.85 

12  1  42.71 
12  19  45.67 

+  1\73 
+  1.80 

(+1.82* 
J+l.Blli 

+  1.74 

+  1.72 

+39  25  15.;; 
+  42  18  38.9 
+  43     3  24.1 
+  45   15     5.0 
+43  26  33.0 

II 

+  5.8 
+5.8 

mil 

+  5,1 
+  4.6 

Lund  Zones,  164  and  1  i  2 
Yuniall  (F)  4998 
Bonn  VI,  +43°2172 
W.F..  XI,  1183 
W.B.  XII,  373 

NEW  VARIABLE   OF   THE   ALGOL-TYFE. 

a  =  10"  11'"  57>.2,         o  —  +13°  52'.0     (1855). 
Dr.  Kkueger  telegraphs  that  Dr.  Haktwk;    has    discovered   that   the    star   DM.  +1.': 
Algol-type.     Epoch,  1894  Sept.  10.35  Greenwich  M.T. ;  period,  2.00  days. 


33115  is  a  variable  of  the 


NEW   SHORT-PERIOD   VARIABLE, 

By  A.  W.  ROBERTS. 
Lacaille  5954  ;     14"  23"'  36s,     —56°  19'  52"     (1S75). 


This  star  is  a  variable  of  short  period.  It  is  XIV,  1502, 
in  the  Cordoba  Zone  Catalogue,  the  magnitudes  there  re- 
corded being  7  and  7A.  In  Stone's  Catalogue  the  magni- 
tude is  6|. 

It  has  been  watched  regularly  for    nearly  two  months, 

Lovedale,  A/in1,  South  Africa,  1894  August  6. 


and  the  following  results  are  obtained  from  a  reduction  of 
the  observations. 


Amplitude  of  variation, 
Asceiiilini:  period, 
Total  period, 
Epoch  of  maximum, 


6>'.7   to   7M.6 
2  days,  12  hours 

5  days,  13  hours 
1894  July  27.03 


COER1GEXDA. 

No.  325,  p.    OS,  line  10,    for    0".5    put    0'.5. 

p.  103,  col.  2,  line  25,    for    nearly    put     really. 

p.  104,  col.  1,  line  13,    for    notations     put     rotations. 
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OBSERVED    MAXIMA    OF    LONG-PERIOD     VARIABLES,    WITH    NOTE 

SUSPECTED    NEW    VARIABLE, 

By  P.    S.  TEXDELL. 


OX     A 


2  13.      U  *  'assiopem . 
I  have  six  observations  of   UCassiopeae,  from  1894  June 
13  to  Aug.  22.     A  maximum  of  about  9M.0  is  somewhat  un- 
certainly indicated  on  July  14.     When  last  looked  for.  on 
August  22,  it  was  uot  seen,  and  must  have  been  below  10" 

1981.     S  Camelopardalis. 

I  observed  this  star  rive  times  after  the  observations 
published  in  A.J.  315,  the  date  of  the  last  observation  being 
April  25,  when  its  light  was  by  estimation  9".l.  These  rive 
observations  indicate  a  distinct  secondary  maximum  of  SM.4. 
about  April  1 1 . 


I  desire  here  to  call  the  attention  of  observers  to  a  star 
in  the  immediate  neighborhood  of  1981,  of  whose  varia- 
bility my  observations  give  strong  indication. 

Its  approximate  place  for  1855  is 

a  =  o"  27'"  22\     8  =  +68°  36'.  1. 

g  about  1'"  preceding  a  line  joining  DM.  6S°402  and 
68  103,  at  nearly  half  the  distance  from  the  first  to  the 
second. 

I  first  observed  the  star  on  1892  May  27.  when  it  was 
used  as  a  comparison-star  for  litSl :  the  magnitude  indi- 
cated by  this  observation  is  8*.8.  The  fact  that  it  was  not 
in  the  DM.  catalogue,  nor  on  the  chart,  at  once  aroused 
suspicion  of  the  star's  variability.  In  the  press  of  other 
work,  however,  it  was  neglected,  and  no  further  observa- 
tion was  made  until  1892  Nov.  16  and  20,  when  it  was 
again  used  as  a  comparison-star  for  the  same  star  when 
near  its  minimum  ;  the  magnitudes  indicated  are  respec- 
tively lO*.!  and  10*.3.  The  discrepancy  between  these 
two  values  again  attracted  attention  to  the  star,  and  it  has 
since  been  watched  as  continuously  as  circumstances  per- 
mit.    I  have  in  all    sixty  observations;    these  indicate  a 

Dorchester,  Mass.,  1894  September  1. 


maximum  of  9". 6  on  1893  Aug.  9-10,  and  minima  of  10".4 
on  1  893  Jan.  2  and  Nov.  2  ;  my  last  three  observations,  1  894 
.Mar.  1.  4  and  6,  give  a  mean  magnitude  of  9M.75.     It  Si 
probable  that  the  next  maximum  will  occur  in  March,  1895. 

Although  the  change  indicated  is  slow,  and  the  i, 
limited,  my  impression  of  the  reality  of  the  variation  is 
very  strong;  and  I  am  very  desirous  that  the  star  should 
be  examined  by  some  observer  equipped  with  a  telescope 
of  greater  capacity  than  my  own.  in  which  it  is  at  all  I 
a  difficult  object  to  observe,  and  when  near  its  minimum,  a 
very  difficult  one. 

The  star  is  too  faint  in  my  telescope  for  any  color  to  be 
distinguishable. 

7118.  X  A'/ 
Since  publishing  my  confirmation  of  this  star's  varia- 
bility, in  A.J.  323.  I  have  kept  it  under  observation  as  con- 
tinuously as  possible.  A  maximum  of  8". 2  was  passed  on 
July  30,  and  is  sharply  indicated  by  my  observations; 
there  is  some  indication  of  a  secondary  maximum  of  8  I. 
about  August  10.      On  Aug.  26,  when  I  .   the 

star  was  estimated  at  9*.  I. 

8324.      VCassiopeae. 

I  have  nine  observations  of  this  star,  from  1894  June  7 
to  Aug.  22.     A  maximum  of  7M.l  is  very  sharply  indie: 
on  July  10.     The  estimated  magnitude  at  the  first  observa- 
tion was  about  9M.l,  and  at  the  last,  9!'.0. 


The  spring  and  summer  of  1894  have  been  very  un- 
favorable for  observations  of  variable  stars,  which  accounts 
for  the  apparent  meagreuess  of  the  results  above  recorded. 
Of  course  a  large  number  of  other  observations  have  been 

secured  iu  this  interval,  but  a  publication  of  them  must  lie 
deferred  for  the  present,  for  the  above  reason. 
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THE  GREAT   METEOR   OF  -JULY  27,   1894, 

Bi    E.  E.  BARNARD. 


On  the  evening  of  July  27,  while  reducing  observations 
in  ni\  office,  I  was  suddenly  startled  \<\  two  dull  reports 
like  distant  camion  or  thunder,  or  perhaps  more  properlj 
like  the  discharge  of  two  blasts  in  a  distant  quarry.  So 
unusual  was  the  sound  in  the  quiel  of  the  mountains  that 
I  hastened  on  to  the  roof  of  the  observatory  to  find  the 
cause  of  it.  Looking  to  the  east  I  at  once  saw  a  bluish 
white  puff  of  smoke  hanging  in  the  eastern  sky.  It  was 
then  evident  that  a  large  meteor  had  exploded  to  the  easl 

Of    lis. 

Noting  the  time  bymy  watch  and  estimating  the  interval 
-nice  the  reports,  I  made  the  time  of  explosion  71'  35m  13s 
±  15",  Standard  Pacific  Time.  As  tour  other  observers  made 
it  one  minute  later.  1  must  have  read  the  minute-hand  one 
minute  wrong.  I  therefore  adopt  for  the  time  of  the  hear- 
ing of  the  explosions  by  me,  7"  36'"  13s  ±  15',  Standard  Pacific 
Time. 

U  this  smoke  seemed  to  be  persistent,  I  hurried  to  the 
12-inch  and  took  a  series  of  pointings  on  the  densest  mass 
—  a  roundish  cloud  about  1°  in  diameter,  and  forming  the 
north-east  extremity  of  the  triangular  strip  the  smoke  had 
formed  itself  into.  This  mass  remained  visible  some  time 
after  the  other  portions  faded  out,  and  did  not  materially 
change  its  form. 

Following  are  the  pointings  on  the  object  —  at  first  it 

Mt.    Hamilton,  1894  July  29. 


was  easily  seen  in  the  finder,  but  towards   the  last  could  lie 
seen  only  with  the  naked  eye. 


Sid. 

ii 

15 

time. 
hi 
.-)7 

h 

20 

a 
in 

L6.9 

+  11  s 

in  finder. 

16 

0 

-ii 

15.9 

12.3 

in  tinder. 

16 

.'! 

211 

L3.9 

12.9 

in  finder. 

It! 

7 

2d 

10.5 

13.3 

pointing  along  tube. 

10 

Hi 

10.5 

14.5 

20 

20 

5.4 
1.4 

14.0 

+  15.2 

pointing  along  tube, 
pointing  along  tube. 

Ceased  to  be  visible  after  this. 

The  positions  were  corrected  by  pointings  on  a  star. 

The  meteor  itself  was  seen  (among  others)  by  Mr.  Poole, 
a  student  at  the  observatory,  who  noted  the  time  of  ap- 
pearance, which  was  at  7h  29'"  45'  Standard  Pacific  Time. 
This  would  give  about  6i  minutes  for  the  sound  to  reach 
us  and  would  place  the  meteor  some  80  miles  distant.  The 
explosion  evidently  occurred  over  the  San  Joaquin  Valley, 
in  the  direction  of  the  Yosemite. 

From  several  who  saw  the  meteor  in  its  descent,  it  con- 
sisted of  a  ball  of  fire,  about  as  big  apparently  as  the  full 
moon,  which  fell  vertically  downwards. 

There  were  two  distinct  reports,  the  second  being  about 
one-half  as  intense  as  the  other,  and  following  it  by  about 
one  second. 


MEAX  EPOCHS  OF  OBSERVATIONS 

CATALOGUE   OF 

By  HERMAN 

While  computing  definitive  declinations  and  proper  mo. 
tions  of  the  fifty-six  stars  used  in  the  Columbia  College  in- 
vestigation of  latitude-variation,  there  was  required  the 
'epoch  of  observation  of  several  well  observed  stars  in  the 
Abo  Catalogue.  While  looking  for  the  separate  observations 
in  the  five  volumes  of  original  data,  it  occurred  to  me  that 
it  might  be  of  service  to  deduce  the  mean  epoch  of  all  the 
stars  at  the  same  time,  since  these  volumes  are  so  scarce  ; 
and  moreover,  I  found  that  1830.0,  the  usually  assumed 
epoch,  was  in  some  cases  in  error  by  nearly  three  years. 

Opportunity  was  given  me  by  Prof.  Kees  of  Columbia 
College  to  consult  these  volumes  kindly  placed  at  my  dis- 
posal by  Prof.  Pickerixg  at  Harvard  Observatory,  and  I 
consequently  give  below  a  table  showing  the  epoch  of  each 
star  as  numbered  in  the  Abo  Catalogue. 

Except  in  a  very  few  cases,  these  epochs  were  computed 
by  expressing  each  date  in  the  fractional  part  of  a  year  to 
two  decimal  places,  and  the  mean  taken  to  three  places, 
though  the  third  figure  is  omitted  in  printing.     Where  there 


OF   THE   DLX  STARS  OF   THE  ABO 
ARGELANDER, 

S.  DAYIS. 

are  two  dates  opposite  a  star-number,  the  first  is  the  mean 
for  observations  in  right-ascension,  and  the  second  for  those 
in  declination.  Where  the  number  of  observations  found 
differs  from  the  number  called  for  in  the  Catalogue,  I  have 
found  the  mean  of  all  the  dates  except  those  which  most 
obviously,  by  reason  of  weak  determinations,  must  have 
been  omitted  in  deducing  the  catalogue  positions.  In  every 
such  case,  however,  I  have  given  the  actual  number  of  ob- 
servations used  by  me,  expressing  them  in  small  figures  as  ex- 
ponents and  subscripts,  the  former  always  applying  to 
right-ascension,  and  the  latter  to  declination. 

In  the  course  of  this  work  numerous  typographical  errors 
were  found  in  addition  to  those  already  published  at  the 
end  of  each  volume.  I  give  a  table  of  the  most  important 
of  these  at  the  end  of  the  table  of  epochs. 

In  addition  to  his  time  and  instrumental-constant  stars, 
I  find  about  forty  stars  which  have  been  apparently  well 
observed  in  both  coordinates,  but  which  remain  unreduced. 
For  some  future  paper  I  may  prepare  a  catalogue  of  these. 
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Xo. 

Epoch 
1800+ 

Xo. 

1S00+ 

Xo. 

1800+ 

Xo. 

1800+ 

Xo. 

1800+ 

Xo. 

1800+ 

Xo. 

1800+ 

Xo. 

1800+ 

1 

28.29 
28.30 

41 

30.90 

81 

29.58 

121 

oq  n 

101 

31.111 

I'Ol 

28.16 

I'll 

19.13 

281 

IS. so 

2 

29.17 

42 

29.08JI 

82 

28.34 
28.30 

122 

29.09 
29.2181 

"'I  3 

-■'■•'ii'.. 

28.90 

162 

28.15 

21 12 

28.97 

2  12 

19.2  1 

282 

28.31 

3 

43 

28.39 

83 

28.95 

L23 

163 

27.95 

203 

28.29 

2  13 

29.07 

283 

29.28 

4 

28.85 

44 

29.78 

84 

28.29 

124 

164 

31-13" 

204 

2S.  1  1 

27. so 

I'll 

28.40 

284 

30. 3(1 

5 

29.62 

45 

29.84 

85 

2S.79 

L25 

2S.11 

105 

28.21 

I'o:, 

31.  IS  7 

2  17, 

29.12 

2S5 

28.86 

(i 

29.77 

4(> 

29.04 

si; 

29.86 

126 

29.48 

IOC, 

28.15 

206 

27.92 

210 

29.13 

286 

19.29 

7 

28.68 

47 

29.07 

87 

28.91 

127 

29.17 

107 

29.17 

207 

28.29 

2  17 

29.30 

287 

29.37 

8 

27.98 

2  7. 97, 

48 

29.48 

88 

30.09 

128 

28.38 

L68 

29.25 

208 

27. Si 

24S 

27.59 

2SS 

29.  13 

9 

30.94 

49 

29.84 

89 

28.4*! 

L29 

31.09 

169 

28.23 

1119 

28.64 

219 

2S.70 

289 

29.83 

10 

28:85 

50 

31.07* 

90 

28.78 

130 

29.89 

170 

31.08 

210 

31.31 

250 

30.li.-, 

290 

29.37 

11 

31.25 

51 

28.88 

91 

29.43 

131 

30.11' 

171 

28.15 

211 

27.35 

I'.",  1 

28.47 

291 

29.28 

12 

30.91 

52 

30.28 

91' 

30.S7 

L32 

28.17 

172 

29.16 

I'll' 

2S.21 

27,2 

29.54 

292 

3,1. 20 

13 

30.26 

53 

29.56 

9;; 

28.94 

133 

1'9.17 

173 

28.60 

213 

2S.23 

253 

29.  IS 

293, 

29.9:;;; 

14 

29.33>= 

54 

30.89 

94 

28.76 

134 

30.. V.I 

174 

29.26 

214 

27.71 

27, 1 

29.01 

294 

30.36 

15 

28.12 

55 

29.19 

95 

28.46 

135 

30.11 

175 

29.66 

215 

29.1169 

29.01:;1 

255 

2S.97 

295 

29.27 

16 

28.83 

56 

29.96 

9(1 

29.61 

136 

29.25 

170 

28.26 

216 

28.29 

256 

29.21 

296 

29.35 

17 

3(1.47 
30.41 

57 

28.70 

2S.71 

97 

31.02 

137 

•<il   1  186 
-"'•-MUl 

177 

29.20 

217 

29.05 

257 

29.30 

297 

29.52 

18 

31.02 

58 

28.86 

98 

29.9:; 

L38 

28.15 

17S 

28.59 

218 

28.22® 

25S 

29.02 

298 

29.51 

19 

27.63 

59 

28.62 
28.63 

99 

29.(12 

139 

31.03 

179 

I'S.SO 

28.76 

219 

29.22 

259 

28.32 

299 

29.30 

20 

28.86 

0,0 

31.21;; 

100 

30.64 

110 

30.08 

ISO 

29.31 

220 

28.53 

260 

29.23 

300 

29.37 

21 

29.94 

61 

29.8188 

"o  .-> 

101 

29.49 

29.40 

141 

28.85 

181 

31.14 

221 

28.21 

261 

28.62 

301 

29.90 

22 

30.39 

62 

29.17 

102 

28.46 

142 

27.30 

182 

28.27 

222 

27.04 

202 

29.26 

302 

2g8180 

i':; 

29.ii:; 

63 

28.84 

103 

29.20 

143 

2S.ll' 

183 

27.89 

223 

31.30 

203 

30.35 

303 

30.3  1 

24 

29.89? 

(34 

29.99 

104 

30.08 

144 

28.65 

1SI 

28.26 

224 

28.53 

201 

29.3M 
"9  1 

304 

2S.71 

IT. 

31.05 

(15 

28.70 

105 

31.02 

1  15 

29.171;-: 

1 85 

31.19 

225 

30.29 

265 

.,,.  07» 

-  ■   ■-  . 

305 

29.33 

26 

30.07 

66 

29.99 

100 

29.13 

146 

29.12 

lsc, 

2S.45 

22i ; 

28.56* 

266 

28.29 

300 

28.52 

27 

31.10] 

(17 

28.85 

107 

29.96 

147 

28.60 

1S7 

29.26 

227 

31.30 

207 

2S.31 

3,07 

29.3S 

28 

28.17 

OS 

29.1  1 

lo.s 

•>,)  0168 

148 

I'.S.S1" 

28  7W 

1SS 

28.07 

22S 

29.02 

2  OS 

31.30 

308 

28.91 

29 

30.30* 

69 

28.37 

109 

29. 19 

149 

29.66 

189 

29.21 

229 

28.48 

20!  1 

27. is 

309 

is.oo:; 

30 

29.26 

70 

29.89 

110 

29.38 

150 

28.33 

190 

28.26 

230 

IS.  IT, 

270 

2S.30 

310 

31.24 

31 

28.84 

71 

30.02 

111 

30.10 

151 

28.56 

191 

28.16 

231 

29.26| 

271 

28.30 

31  1 

29.31 

32 

30.00 

72 

28.55 

112 

27.37, 

1 52 

27.96 

192 

28.55« 

232 

28.52 

272 

27.31 

312 

28  7  ' 

33 

30.68 

7:; 

30.88 

ii;; 

2S.77 

153 

28.45 

193 

28.73 

233 

27.8' 
27.9. 

273 

28.29 

313 

29.42 

:;i 

30.96 

74 

30.04 

114 

30.06 

154 

28.67 

194 

31.30 

231 

-             i, 

28.25 

274 

2S.3S 

314 

27.80 

:;.-, 

29.27 

75 

28.89 

115 

31.05 

155 

27.26 

195 

OQ  Q127 

-•'■"■,«■, 

235 

I's.sr; 

275 

IS..-,.", 

317, 

2S.40 

36 

28.30 

76 

30.99 

116 

28.42 

156 

29.11H 

190 

31.24 

230 

29.26 

270 

19.30 

316 

31.30 

37 

30.01 

77 

28.25 

28.30 

117 

29.15 

L57 

30.17 

197 

28.02 

237 

28.26 

277 

2S.29 

317 

29.06 

38 
39 

29.26 
29.06 

2S.84 

78 
79 

28.86 
29.73 

118 

119 

28.64 

28.88 

158 
159 

29  2'-'1" 
29.3,.. 
29.20 

198 

199 

28.13 
31.30 

23S 

23:  i 

29.09 
28.98 

27S 
279 

30.00 

28.31 

318 
319 

28.79 
29.13 

40 

29.88 

80 

..,,  076 

120 

OQ    |    << 

160 

29.3J* 

I'OO 

31.01* 

I'M 

27.9  1 

280 

28.S7 

320 

29.10 



10  Leonis,  Bradley  1340  ;    See  Errata. 
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1800+ 

Xo. 

1S00+ 

x.>. 

1800+ 

No. 

1800+ 

Xo. 

1800+ 

Xo. 

1800+ 

No. 

1800+ 

Xo. 

1800+ 

323 

29.0$ 

351 

29.39 

381 

28.5 1 

Ill 

29.25 

Ill 

28.08 

471 

27.67 

501 

29.29 

531 

29.68 

322 

29.75 

352 

28.42 

382 

29.37 

412 

28. 1 5 

442 

29.96 

472 

28.62 

502 

28.65 

532 

28.71 

323 

28. 1  l 

353 

28.10 

383 

27.63 

113 

28.26 

143 

29.45 

473 

28.70 

503 

28.64 

533 

30.77 

324 

29.14 

354 

28  44* 

384 

2;  i.5ii 

414 

28.65 

444 

l^s.:;!- 

474 

28.98g2 

5(1 1 

30.38 

534 

29.65 

325 

28.53 

355 

27.89 

385 

28.44 

115 

28.78 

445 

28.59 

475 

28.62 

505 

29.01" 
28.5„ 

535 

29.2"""" 
29.0M 

326 

28.37 

356 

29.2ies 
29  4 

386 

29.08 
29.04 

416 

28.13 

446 

27.72 

476 

29  28 

506 

29.12 

536 

29.89 

327 

27.65 

357 

28.42 

387 

30.63 

417 

28.58 

447 

27.49 

477 

28.76 

5(17 

28.65 

537 

30.58 

328 

28.45 

358 

28.50 

.'i.S.S 

27.64 

418 

28.59 

448 

2S.44H: 

478 

28.4  1 

508 

29.66 

538 

28.77 

329 

28.41 

359 

28.41 

389 

27.49 

419 

28.80 

449 

28.59 

I7v 

28.65 

509 

27.70 

539 

29.57 

330 

29.38 

360 

29.27 

390 

29.48 

420 

OO  (MM 

45(1 

29.0,w 

480 

31.18 

510 

30.49 

540 

29.88? 

331 

29.30 

361 

29.0"7 
28.9~ 

391 

29.72 

421 

28.26 

451 

28.66 

481 

28.  £ 

511 

29.77 

541 

28.55 

332 

29.70 

362 

28.94 

392 

27.50 

422 

28.17 

452 

29.0184 
28  9 

482 

OQ       05 

-ft.  41 

512 

27.75 

542 

29.30 

333 

31.14 

363 

30.38 

393 

28.72 

423 

28.53 

453 

**     *     158 

28.74 

483 

28.72 

513 

28.65 

543 

30.33 

334 

29.37 

364 

27.39 

394 

28.34 

28.35 

424 

28.48 

454 

28.81 

4S4 

29.87 

514 

28.96 

544 

30.00 

335 

28.39 

365 

30.37 

395 

28.79 

425 

28.92 
28.90 

455 

29.0^ 

485 

30.65 

515 

28.62 

2S.77 

545 

28.77 

336 

31.31 

366 

27.93 

396 

29.07 

426 

28.62 

456 

28.61 

486 

27.60 

516 

28.62 
28.47 

546 

27.73 

337 

28.92 

367 

28.74 

397 

28.71 

427 

29.57 

457 

28.65 

487 

28.67 

517 

29.83 

547 

28.71 

338 

28.71 
28.74 

368 

29.42 

398 

28.75 

428 

28.55}? 

458 

29.01 

488 

27.60 
27.59 

518 

28.68 

548 

28.39 

339 

29.12 

369 

28.97 

399 

28.48 

429 

27.74 

459 

27.61 

489 

28.27 

519 

28.57 
28.56 

549 

27.76 

340 

28.71 

370 

28.41 

400 

29.48 

430 

28.63 

460 

28.21 

490 

29.54 

520 

28.69 

550 

28.07 

341 

31.32 

371 

29.34 

401 

28.91 

431 

28  7IB" 

461 

28.78 

491 

2S.34*! 

521 

30.13 

551 

28.81 

342 

27.43 

372 

30.37JJ 

402 

29.2™ 

Of)  1 

432 

28.65 

462 

28.88 

492 

28.65 

522 

30.17 
30.08 

552 

30.15 

343 

28.63 

373 

28.70 

403 

29.49 

433 

28.79 

463 

29  042 

493 

28.77 

523 

28.04 

553 

28.71 

:;44 

29.65 

374 

28.98 

28.97 

404 

28.48 

434 

28.71 

464 

28.6:5; 

494 

27.61 

524 

29.75 

554 

2S.S0 
28.81 

345 

29.44 

375 

27.97 

405 

28.76 

435 

28.40 

465 

30.65 

495 

28.43 

525 

30.70 

555 

29.88 

346 

27.43 

376 

28.90 

406 

28.40 

436 

28.73 

466 

28.79 

496 

27.601 

526 

28.76 

556 

29.64 

347 

29.14 

377 

29.47 

407 

30.40 

437 

28.22 

467 

28.48 

497 

30.46 

527 

29.41 

557 

29.32 

348 

2S.S9 

3<  8 

28.85 

408 

28.07 
28.04 

438 

28.79 

468 

28.59 

498 

27.69 

528 

30.60 

558 

27.83 

349 

29.48 

379 

29.47 

409 

9Q  "?81 

-•'■•v.* 

439 

27.85 

469 

30.13 

499 

28.94 

529 

28.49 

2S.47 

559 

30.94 

350 

29.67 

380 

29.27 

410 

29.10 

440 

2S.20 

470 

27.58 

500 

28.82 

530 

28.20 

560 

29.4158 

OQ  9 

Errata  to  the  Volumes  of  Observations. 


For  1827, 

Fur  1828, 

Page    59 

For 

/3  Cephei 

read 

ii  Cephi  i 

Page    19 

For 

15  Urs.  min. 

read 

;  I'rs.  min. 

(30 

u 

April  29 

" 

April  19 

35 

u  Can.  min. 

a  Can.  Maj. 

03  April  27 

" 

'l    UTS.  mil). 

" 

a  Urs.  min. 

7t  Leonix  min. 

11  Leonis  min. 

69 

" 

a  Can.  min.  7I'3I" 

(1 

7h  30"' 

51 

April  7 

April  17 

90 

(t 

0  Urs.  Maj.  s.p. 

" 

o  Urs.  Maj.  s.p. 

r.7 

<t  Ur8.  min. 

2  <t  Vis.  mill. 

127 

(t 

aBootis  13h7m 

" 

14h  7™ 

58 

0  Urs.  mill.  s.p. 

a  Urs.  min.  s.p 

Oct.  28  ) 
Dec.  17  I 

U 

61  Ceti 

U 

66  Ceti 

135  Oct. 

12 

a  Draconis 

8  Draconis 
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For  1829, 

Page  11  For 
24 

71  " 

May  17  " 

Maj  25  " 

For  1830, 

Page  34  April  10    For 
39 


a  Draconia 
i  Virginia 

a  Ox.  min,  s.p. 
-  Si  /■/"  ntis 
An. .n  U!'  18" 


read 


S  Draconia 
i  Virginia 

i  Ura.  mill.  s.p. 

;.  Si  rpt  ntia 

An. in  seq.  l-!'  etc. 


aUra.  min.s.p.  18h  read  12h 

n  I'iruinis  "     /,  Pirflrint8 


/•'.-,■  1831, 

Page  91  Jan.    9 
99  Jan.  24 


For  Anon4b25m21,.3'7  read   1 
■•    Anon  4h45m   the  '  in.  li.  11111'  should  be  127°  etc. 


A  ho  200  1  Sextontia  9h  2Sn  wherever  found  in  volumes  for  1830 
or  1831,  should  be  10  Leonis,  Bradley  1349. 

Aho   is  recorded  in  the  observations  as  Pi.  I,  142. 

Columbia  College,  New   Fork  ('if//,  \s\i\  June26. 


ON  A  NEW   VARIABLE   OF   THE   ALGOT.-TYVE,   6442  Z  IIERCULIS, 


DM.  +i: -.':',:;  11  : 
By 

Observations,  beginning  1894  July  22,  have  established 
the  fact  that  tins  star  is  a  variable  of  the  Algol-type. 
Until  July  28  it  was  always  seen  as  7M.2  or  7". 3;  but  on 
that  date  it  was  found  a  half-magnitude  fainter.  On  Aug. 
5,  a  watch  of  three  hours  gave  a  continuous  vise  from  7M.63 
to  7M.32.  This  phenomenon  was  repeated  on  Aug.  9,  Aug.  17 
and  Aug.  21 ;  the  brightness  on  intervening  dates  being 
always  normal. 

I  was  led  to  make  these  observations  by  the  note  of  Prof. 
Mui.i.kk  and  Dr.  Kempf,  on  p.  482  of  their  catalogue 
(against  Nos.  2404  and  2405),  which  called  attention  to  the 
discordance  of  their  measures  and  remarked  that  these 
stars  deserve  watching. 

A  combination  of  all  the  data  gave  the  elements  of 
minimum, 


(1855)      171'  51"'  34",     +15°  9'  3. 
S.  t  .  CHANDLER, 

1894     Aug.  .V   li"   H-  Gr.M.T.     +3'1  23"  50m.O  E 

The  period  is  probably  correct  to  within  a  fraction  of  a 
minute;  but  the  epoch  is  a  little  uncertain,  being  found 
from  partial  phases.  The  observations  do  not  suggest 
further  subdivision  of  the  period,  although  this  is  possible. 
The  range  of  variation  is  from  7M.3  to  7*.9. 

Mr.  Yendell  shortly  after  confirmed  the  variation  and 
its  character,  and  the  above  definitive  notation  has  there- 
fore been  assigned.  After  the  above  five  partial  minima 
had  been  obtained,  as  they  were  advancing  into  the 
twilight  in  this  longitude,  the  above  elements,  with  an 
ephemeris,  were  sent  (Aug.  26  and  L'!>)  to  Potsdam  and 
Upsala,  in  the  hope  that  observations  might  be  continued 
there. 


ON   THE   VARIABILITY   OF   DM.  +15°3311, 

By  PAUL  S.   YENDELL. 


.My  attention  was  called  to  the  variability  of  this  star, 
and  the  probability  of  its  being  of  the  Algol-type,  by 
('it  vxDi.ER.  in  a  letter  dated  1894  August  i>.  I  at  once  be- 
gan as  close  a  watch  upon  it  as  the  weather  permitted.     On 


August  17  and  21,  and  Sept.  (5,  I  found  the  star  below  its 
normal  light,  and  though,  on  account  of  twilight,  no  actual 
minimum  was  observed,  sufficient  evidence  was  secured  to 
fully  confirm  both  the  fact  and  type  of  the  star's  variability. 


NOTE.  —  Mr.  Ritchie  writes  :  "By  my  mistranslation  of  Dr.  Kkuegf.r's  cable  dispatch,  on  p.  120  of  A. J.,  327,  the  variable  of  the 
.  I //..(-type  whose  discovery  was  telegraphed  to  Kiel  by  Habtwig  on  Sept.  15,  was  given  as  DM.  -f-13  3115,  instead  of  -f-15°3311." 
It  thus  appears  that  the  star  is  identical  with  the  one  discovered  by  Chandler  in  the  beginning  of  August,  confirmed  by  Yendell, 
and  given  the  name  of  Z  Herculis,  according  to  the  preceding  two  articles  by  those  gentlemen.  —  Ed. 


GRAPHICAL  SOLUTIONS   OF   THE  ORBIT  OF   SIBIUS, 

By  ALEX.  WM.  KOBERT.s. 


In  the  June  number  of  Astronomy  and  Astro-Physics 
there  is  a  very  valuable  paper  by  Mr.  Howard  on  the  orbit 
of  Siritts.     The    method  adopted   by  Mr.  Howard  is  an 

extremely  elegant  one.  and  the  conclusions  drawn  from  cer- 
tain irregularities  which  seem  to  affect  the  motion  of  Siritts 
and  his  companion,  or  perhaps  both,  are  of  no  common 
interest.     It  is  not  my  purpose,  however,  to  deal  with  these 


anomalies;  the  object  of  the  present  paper  is  to  offer  a 
mild  protest  against  the  "special  pleading"  for  the  superi- 
ority of  a  graphical  method  of  computing  binary-star  orbits 
over  any  other,  that  begins  and  ends  Mr.  Howard's  paper. 
There  is  no  doubt  that  much  may  be  said  in  favor  of  this 
method;  it  is  simple;  it  is  short ;  it  tells  plainly  and  visi- 
bly its  tale  of  correspondence  or  the  reverse.     In  the  hands 
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also  of  such  experienced  computers  as  See  and  Burnham 
ii  has  proved  a  method  of  qo  mean  value 

STet  after  all  has  been  said  in  its  favor  that  can  be  said, 
the  fact  remains  that  is  only  a  method.  The  rigorous 
method  of  determining  the  most  probable  form  of  any 
curve  from  a  given  setof  observations  is  the  purely  analyti- 
cal one.  It  may  be  objected  bhai  in  double-star  work  the 
measures  are  usually  so  inexact  thai  it  is  useless  introducing 
refined  methods  of  reduction.     To  that  it  may  lie  replied, 

that   if  the  observations   wore  made  with  a  cart-wl L,  a 

rigorous  investigation  of  (1),  the  errors  of  the  wheel  and  (2), 
the  actual  measures  made,  would  yield  the  best  results.  If 
the  observations  are  bad,  then  the  analytical  method  will 
give  as  good  results  as  any  other;  if  the  observations  are 
absolutely  correct,  then  only  one  method  can  be  adopted  in 
producing  them. 

Mr.  1  low  aim)  instances  as  an  example  of  the  superiority 
of  the  graphical  method  of  computation,  a  solution  of  the 
oil  lit  of  Sirius.  However,  he  incidentally  remarks  that 
be  has  "tried  more  than  twenty  different  ellipses  without 
obtaining  one  that  was  thoroughly  .satisfactory,  having  to 
contend  in  every  ease  with  two  persistent  characteristic 
discrepancies,  and  whenever  any  one  of  them  was  reduced 
the  other  immediately  became  prominent." 

Apart  altogether  from  the  discrepancies  which  have 
troubled  Mr.  Howard,  twenty  different  ellipses  could  easily 
be  drawn,  each  of  which  would  satisfy  the  mean  places 
plotted  down,  for  a  rigorous  solution  of  the  problem  leads 
to  practically  an  indeterminate  result. 

Thus  if  any  one  of  the  orbits  recently  computed  be  taken, 
and  partial  differential  coefficients  computed  for  the  different 
elements,  it  will  be  found  on  reducing,  according  to  the 
usual  methods,  that  there  is  no  determinate  solution,  the 
problem  being  an  indeterminate  one.  The  meaning  of  such 
a  result  is  that  within  certain  limits  we  may  have  twenty, 
or  for  that  matter  two  hundred  orbits,  each  of  which  will 
satisfy  the  observations  fairly  well.  Such  a  conclusion  is 
obviously  without  the  range  of  a  graphical  solution. 

Two  years  ago  I  spent  the  spare  moments  of  months 
over  the  orbit  of  Sirius.  Mean  places  were  obtained  by 
weighting  the  several  observations  according  to  the  dividing- 
power  of  the  telescope,  the  number  of  observations,  and 
the  distance  of  the  two  stars.  Each  mean  place  gave  au 
equation  of  the  type 


where 


§y  +  yx*  +  dxy  +  ey*  +  1=0 

=   8  cos  c?  ;     and     y   =   8  sin  a. 


A  least-squares  solution  gave  the  values  of  «,  p1,  y,  8,  e; 
but  the  weights  of  these  quantities  were  so  small  and  their 
probable  errors  so  great  that  it  was  evident  the  smallest 
change  in  any  of  the  mean  places  would  seriously  affect 
the  values  obtained. 


On  transposing  the  elements     «,  .-,.  ■■.  d,   -.     of  the  ap- 
larent  ellipse,  into  the  orbital  elements  I  found 


T 

= 

1893.598 

P 

= 

51.10 

£ 

= 

0.6068 

I 

= 

46°  26' 

i 

= 

47    22 

Q 

= 

35     15 

a 

= 

8".35 

Forming  partial  differential  coefficients  for  /'/'.  //'.  /., 
dl,  z/«,  JQ,,  da,  1  found  for  position-angles,  that  the  co- 
efficients for  //'  and  //.  were  almost  exactly  in  the 
ratio  of  1  :  1.46,  and  that  a  similar  relation  existed  be- 
tween the  coefficients  of     JT,  Jz  and  AL 

Any  corrections  to  the  orbit  were  therefore  out  of  the 
question,  as  six  of  the  quantities  to  be  determined  could  only 
be  represented  as  functions  of  the  seventh.  And  this  result 
does  not  depend  upon  our  grouping  of  the  observations,  or 
upon  the  selection  or  determination  of  mean  places;  it  is 
inherent  in  the  nature  of  the  problem  and  cannot  be  over- 
come until  more  observations  give  new  data  for  determining 
the  value  of  the  one  unknown  correction. 

As  we  have  said,  six  of  the  corrections  to  the  elements 
can  only  be  determined  as  a  function  of  the  seventh,  and 
the  amplitude  of  the  values  of  the  different  corrections 
will  of  course  depend  upon  the  values  we  give  to  the  un- 
known. 

These  values,  further,  must  lie  within  certain  limits  ;  so 
it  is  possible  to  determine  rigorously  the  probable  limits  of 
error  which  may  affect  the  elements,  supposing  the  mean 
places  to  be  well  determined. 

Thus  the  period  of  Sirius  may  be  in  error  three  and  one- 
half  years  either  way,  and  the  longitude  of  the  periastron 
50'.  The  other  elements  may  similarly  be  treated,  but  into 
their  limits  of  error  it  is  unnecessary  to  inquire. 

To  return  therefore  to  the  point  from  which  we  started, 
a  graphical  solution  of  the  orbit  of  Sirius  can  have  no 
greater  claims  to  acceptance  than  any  other;  while  as  a 
method  of  rigorous,  searching  investigation,  it  mitst  al- 
ways be  inadequate. 

As  auxiliaries  to  more  thorough,  more  comprehensive,  in- 
vestigations graphical  solutions  have  their  place,  and  their 
importance  as  such  cannot  be  over-estimated ;  but  to  begin 
and  end  with  them  seems  to  me  to  fall  short  of  excellence. 

With  regard  to  the  discrepancies  which  appear  in  the 
comparisons  between  observed  and  computed  places,  it 
would  be  well  to  investigate  most  carefully  the  influence  of 
personality  on  these  anomalies. 

It  may  be  said,  however,  that  the  residuals  obtained 
from  the  orbit  given  in  this  paper  yield  the  same  persistent 
negative  values  as  appear  in  Fig.  8  (p.  431)  of  Mr.  How- 
ard's paper. 
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ON   THE   VAEIABLE    STAR  6573  Y  SAGITTARII, 

By  EDWIN   F.  SAWYER. 

I  have  also  inserted  an  isolated  observation  ma  '     in  a 
sequence  1882  Sept.  5,  in  connection  with  mj    revision  of 

the  Uranometria Argentina.     All  th been 

used  in  the  formation  of  a  mean  light-curvej  using  the 
period  5d.7732  given  by  Dr.  Cb  vndleb  in  liis  Second  Cata- 
logue. A  comparison  of  my  results,  given  below,  with 
Dr.  Chandler's  elements,  fails  to  show  any  appreciable 
correction. 


Since  my  announced  discovery  of  the  variability  of  this 
star,  and  the  publication  of  provisional  elements  in  A.J.  145 
and  148,  no  further  results  of  mine  up  to  the  present  time 
have  been  published. 

I  have  recently,  however,  in  connection  with  other  long 
neglected  work  of  the  same  nature,  reduced  anew  all  of  my 
171  observations,  extending  from  1886  Sept.  22  to  1S93 
( id.  1 1.  and  including  the  years  1886-90  and  1893. 


Observed  Maxima. 

E 

Boston  M.T. 

Wt. 

O 

— C 

1 

L886  Sept.  30.639 

3 

+  0.'ii.">6 

2 

Oct.      6.334 

2 

— 

.022 

4 

17.77,7 

1 

— 

.1  17. 

5 

23.785 

3 

+ 

.109 

7 

Nov.     3.810 

2 

— 

.112 

8 

9.830 

1 

— 

.165 

'.i 

15.590 

1 

— 

.178 

Ki 

22.(17.(1 

1 

+ 

.7,(18 

in 

1887  June  17.083 

1 

— 

.2114 

18 

28.906 

2 

— 

.017 

.v> 

Aug.     8.521 

1 

+ 

.185 

56 

14.037 

2 

— 

.072 

58 

25.540 

1 

— 

.115 

62 

Sept,  17.792 

3 

+ 

.044 

■  65 

( let.      5.311 

1 

+ 

.243 

67 

16.795 

1 

+ 

.181 

69 

28.675 

1 

+ 

.515 

70 

Nov.     2.70(1 

1 

_ 

.144 

71 

8.070 

1 

— 

.637 

108 

18S8  June    9. 158 

1 

+ 

.143 

112 

July     2.921 

1 

+ 

.513 

113 

8.839 

1 

+ 

.658 

114 

13.701 

1 

— 

.253 

117 

31.629 

2 

+ 

.355 

119 

Aug.  12.512 

2 

+ 

.692 

122 

29.245 

2 

+ 

.105 

123 

Sept.    4.575 

1 

+ 

.662 

127 

26.629 

.5 

— 

.377 

128 

Oct.      2.966 

1 

+ 

.187 

129 

8.642 

1 

+ 

.090 

132 

25.766 

1 

— 

.106 

133 

31.470 

1 

— 

.  1  77. 

1 73 

1889  June  19.663 

1 

+ 

.090 

17.-. 

July     1.396 

1 

+ 

.276 

176 

6.396 

1 

— 

.407 

17S 

18.750 

1 

+ 

.311 

179 

24.575 

1 

+ 

.363 

184 

Aug.  22.338 

1 

+ 

.26(1 

185 

27.0  17. 

2 

+ 

.093 

188 

Sept.  15.035 

1 

+ 

.864 

189 

19.800 

1 

— 

.1  11 

250 

1  Mill  Sept.      7.311 

1 

+ 

.•.'in 

420 

1893  July     6.717 

•> 

+ 

.205 

431 

18.(102 

1 

+ 

.033 

434 

Aug.     4.408 

1 

+ 

.030 

436 

16.d21 

2 

+0.096 

Observed  Maxima. 

-Cont 

E 

Boston  M.T. 

Wt. 

O— C 

439 

1893  Sept.    2.085 

1 

-0/159 

44(1 

7.807 

2 

-    .211 

411 

L3.819 

1 

+   .028 

111 

30.956 

1 

-    .17,4 

445 

Oct.       6.7.(16 

1 

-0.378 

Observed  Minima. 

E 

Boston  M.T. 

Wt. 

0— c 

27.6 

L882  Sept.    7.090 

1 

+  1T59 

0 

1886  Sept.  22.973 

o 

+  0.103 

1 

28.555 

1 

-   .088 

2 

Oct.      4.886 

1 

+   .470 

3 

10.82(1 

1 

+  .631 

4 

15.793 

1 

-   .169 

5 

21.829 

3 

+   .093 

7 

Nov.    :;.119 

2 

+   .837 

8 

7.917 

2 

-   .138 

9 

13.806 

1 

-  .022 

10 

19.587 

2 

-  .015 

11 

24.928 

1 

-   .447 

46 

1SS7  June  15.942 

2 

+   .505 

48 

27.: 31  7 

2 

+   .334 

50 

July     8.839 

2 

+   .309 

51 

L3.687 

o 

-  .616 

52 

20.104 

2 

+  .118 

53 

26.(121 

1 

+   .172 

55 

Aug.     6.109 

1 

-   .197 

56 

12.003 

1 

-   .166 

57 

18.236 

2 

+    .204 

60 

Sept.    3.973 

2 

-   .289 

61 

10.081 

3 

r    .046 

62 

15.527 

3 

-   .281 

63 

21.867 

1 

+  .286 

67 

Oct.     15.109 

2 

+  .435 

68 

21.020 

1 

+   .7,7:; 

7(1 

Nov.     1.250 

1 

+    .27,6 

71 

6.400 

1 

-    .367 

72 

12.27.ii 

1 

-  .290 

107 

L888June     1.430 

1 

-    .172 

109 

13.078 

3 

-   .II7H 

113 

July     6.::r.s 

1 

+   .127 

114 

12.017 

1 

+   .903 

117 

29.278 

1 

-   .056 

US 

Aug.     4.375 

1 

+  .268 

110 

0.041 

1 

+   .061 

122 

27.121 

3 

-0.079 

128 
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E 

Boston  M.T. 

Wt. 

o— c 

123 

1888  Sept.    2.344 

1 

+0.371 

127 

24.856 

1 

-   .210 

128 

30.110 

•> 

-   .72'.i 

L32 

Oct.    24:270 

1 

+   .338 

L33 

30.250 

1 

+  .545 

l;;i 

Nov.     4.926 

•> 

+   .448 

174 

1889  June  23.340 

2 

—  .066 

17S 

July  16.348 

•j 

-  .151 

180 

27.:::;:; 

1 

-  .713 

183 

Aug.  13.908 

1 

-  .456 

185 

25.333 

1 

-    .:.7'.» 

190 

Sept.  2:;.:::;:; 

1 

-   .445 

193 

Oct.    10.835 

1 

-0.262 

The  comparison-stars  and  the  light-scale  are: 


a  1875.0 

8  1S75.0 

r.  a. 

S  \»  vei: 

Light  S 

ll         111         s 

o          / 

If 

u 

18   17  54 

-20  36.3 

5.1 

5.3 

22.2 

18     7  46 

-20.45.8 

5.8 

5.7 

16.7 

is     6  45 

-21  44.7 

6.0 

6.15 

13.2 

18  22  51 

-18  48.3 

6.0 

6.2 

10.0 

18     8  10 

-18  41.9 

6.5 

6.3 

6.9 

18  20  39 

-17  52.5 

6.6 

6.55 

4.5 

18     9  54 

-17  24.9 

6.4 

6.6 

2.2 

The  characteristics  of  the  fluctuations  are  a  very  rapid 
and  uniform  increase,  and  a  uniform  and  much  slower  de- 
crease. The  average  variation  during  increase  is  about 
0M.45aday,  while  the  average  daily  decrease  is  0M.22.  The 
readings  of  the  light-curve  give  the  following 


E 

Boston  M.T. 

Wt. 

o— c 
-0.106 

130 

1893  July 

10.240 

•  ' 

431 

L5.91  1 

2 

-    .205 

132 

21.659 

•  > 

-  .233 

l.;i 

An-. 

2.620 

2 

+  .182 

135 

8.508 

2 

+  .296 

136 

14.256 

2 

+  .271 

139 

30.366 

■  i 

-  .938 

44n 

Sept. 

.-,..-,:  ;i  i 

2 

-  .548 

441 

11.793 

o 

o 

-  .058 

442 

17.2(11 

1 

-  .:;<;:; 

444 

28.670 

1 

—    .500 

445 

Oct. 

4.695 

1 

—  .249 

446 

11.002 

O 

+0.285 

Light-Tab 

LE. 

Time  from  Jil 

ax. 

Time  from  Max. 

d 

Steps 

H 

a 

Steps 

H 

L.95 

2.20 

6.60 

+  1.25 

11.72 

6.17 

-1.75 

2.38 

6.59 

+  1.50 

10.70 

6.19 

-1.50 

2.95 

6.58 

+  1.75 

9.60 

6.21 

-1.25 

3.90 

i  ;.5i ! 

-fL'.im 

8.40 

6.25 

-1.00 

5.18 

6.48 

+  2.25 

7.15 

6.30 

—0.75 

S.OII 

6.26 

+  2.50 

6.10 

6.38 

-0.50 

13.32 

6.10 

+  2.75 

4.94 

6.51 

-0.25 

15.40 

5.90 

+3.00 

3.9(t 

6.56 

0.00 

15.60 

5. 75 

+3.25 

3.00 

6.57 

+  0.25 

15.35 

5.91 

+3.50 

2.41 

6.59 

+  0.50 

14.50 

5.97 

+  3.75 

2.20 

6.60 

+  0.75 

13.51 

6.10 

+4.00 

2.30 

6.59 

+  1.00 

12.70 

6.14 

Eange  of  variation,  5". 75  to  6M.60. 
1.94  days  ;  of  decrease,  3.83  days. 


Duration  of  increase, 


NEW   ASTRONOMICAL  WORK. 


Spectroscopic  Observations  of  Nebulae  made  with  the  36-inch  Re- 
fractor of  the  Lick  Observatory  by  J.  E.  Keelee. 

This  important  memoir  forms  Part  IV  (pp.  161-229)  of  Vol.  Ill,  of 
the  Publications  of  the  Lick  Observatory  (1894),  and  includes  obser- 
vations made  in  1890  and  1891,  chiefly  for  the  purpose  of  determining 
the  wave-lengths  of  the  principal  lines  in  the  nebular  spectrum  and 
thus  measuring  the  velocity  of  the  nebulas  in  the  line  of  sight. 

After  an  account  of  the  previous  observations  of  nebular  spectra,  a 
description  of  the  visual  star-spectroscope  is  given,  with  an  explana- 
tion of  the  experiments  made  in  testing  the  instrumental  errors,  and 
of  the  method  of  observation  adopted.  The  fourth  (or  third)  order 
spectrum  of  a  Rowland  grating  of  14438  lines  to  the  inch  was  em- 
ployed, and  the  observations  were  differential.  The  measures  are 
not  all  printed  in  detail,  but  a  representative  series  of  examples  is 
selected.  In  seven  sets  of  observations  of  Venus  at  different  times, 
the  greatest  difference  between  the  observed  and  the  computed  velocity 
of  the  planet  in  the  sight-line  is  2.3  km.,  an  excellent  test  of  the  ac- 
curacy of  the  adjustments  and  of  the  skill  of  the  observer. 


The  separate  results  of  the  observations  of  twenty-six  nebulas  are 
given,  and  the  velocities  of  fourteen  of  these  could  be  determined. 
Until  the  velocity  of  the  nebula  in  Orion  was  successfully  measured 
by  the  displacement  of  the  third  line  (Hydrogen  ^).  the  normal  wave- 
lengths of  the  first  and  second  nebular  lines  —  their  wave-lengths 
when  observer  and  nebula  are  relatively  at  rest  —  had  been  indeter- 
minate, as  these  lines  have  no  analogues  in  any  terrestrial  substances 
yet  investigated,  and  as  they  are  not  represented  by  dark  lines  in  any 
maps  of  the  solar  spectrum.  The  results  of  thirteen  sets  of  meas- 
ures gave,  as  the  velocity  (recession)  of  the  nebula,  +17.7  ±1.3  km. 
per  second,  and  the  normal  wave-lengths  of  the  first  and  second 
nebular  lines  become  /.  5007.05  ±0.03  and  /  4959.02  ±0.04  on  Bow- 
land's  scale. 

The  average  velocity  of  the  fourteen  nebulas  is  26.9  km.,  a  quan- 
tity somewhat  larger  than  the  average  velocity  of  fifty-one  stars 
measured  by  Vogei.  and  Scheiner,  16.5  km.  per  second. 

The  memoir  concludes  with  sections  on  the  character  and  origin  of 
the  nebular  lines,  and  the  constitution  of  nebulas. 


CONTEXTS. 
Observed  Maxima  of  Long-Period  Variaiu.es,  with  Note  on  a  Suspected  New  Variable,  by  Mr.  P.  S.  Yexdell. 
The  Great  Meteor  of  July  27,  1894,  by  Prof.  E.  E.  Barnard. 

Mean  Epochs  <u   Observations  of  the  DLX  Stars  of  the  Abo  Catalogue  of  Argei.ander,  by  Mr.  Herman  S.  Davis. 
On  a  New  Variable  of  the  Algol-Type,  6442  Z  Heeculis,  by  Dr.  S.  C.  Chandler. 
On  the  Variability  of  DM.  +15°3311,  by  Mb.  Paul  S.  Yendell. 
Graphical  Solutions  of  the  Orbit  of  Sirius,  by  Prof.  A.  W.  Roberts. 
On  the  Variable  Star  6573  Y  Sagittarii,  by  Mr.  E.  F.  Sawyer. 
New  Astronomical  Work. 
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FUKTHER  PROOF  OF  ECCENTRICITY  IX  THE  ANNUAL  COMPONENT  OF 

THE  POLAR  MOTION, 

By  S.  C.  CHANDLER. 


1.  In  A.J.  323  it  was  shown  that  the  observations  of 
1891-92  strongly  indicate  that  the  annual  component  of 
the  polar  motion  is  not  a  circle,  but  a  very  eccentric  ellipse, 
inclined  about  .').'!'  tn  the  (iivenwich  meridian,  with  major 
and  minor  axes  of  0".32  and  0".10,  respectively.  Shortly 
afterwards  I  found  that  the  1890  and  1893  observations 
corroborated  this  conclusion,  giving  almost  precisely  the 
same  dimensions  and  position  of  this  ellipse.  Its  definitive 
elements,  derived  from  all  the  observations,  are  :  — 

a   =   major  axis.  0  :!<i 

h    =   minor  axis,  0.08 
w  =   inclination  of  major  axis  to  Greenwich 

meridian,  45° 

L  =   sun's  longitude  when  pole  is  at  end  of 

major  axis,  15°  and  195° 

T=  corresponding  dates.  Apr.  6  and  Oct.  5 

Direction  of  motion,  West  to  East 

The  law  of  motion  is  that  of  equal  times  for  equal  areas 
described  from  the  center  of  the  ellipse. 

The  corresponding  rectangular  coordinates  of  the  pole  of 
figure  are. 

(53)  .<•„  =  +0".ll  sin  (©-300°) 
>/',  =  +o".ll  sin  (0-270°) 

the- origin  being  the  pole  of  rotation,  the  positive  y-axis 
being  directed  to  Greenwich,  the  positive  x-axis  to  longi- 
tude 270°,  or  90°  east  from  Greenwich. 

From  ei|.  1 52  i.  .  I.J.  322,  we  have  for  the  fourteen  months' 
term,  at  the  dates  1891-3,  1\  =  241 1790  +  424  E,  and 
i\  =  0".10.  Consequently  the  coordinates  for  this  term 
are. 

(54)  x1  =  +0".16  sin(C-241  1790)  0°.85 
yx  =  +0".16  cos  (.-241 1790)  0°.85 

I  lence  the  resultant  curve  of  the  polar  motion  is  defined  by 
(55) 

x  =    +0.16  sin  (f- 241 1790)  0^85  +  0T1  sin  (0-300°) 
y  =   +0.16  cos (<— 2411790)  0.85  +  0.11  cos(Q-     0) 


The  variation  of  latitude  for  a  place  in  longitude 
).,  reckoned  west  from  Greenwich,  is  therefore, 

<f  —  <r0  =   x  sin  ).  —  d  cos  X  (56) 

or  its  equivalent, 

f-c-0  =  -0".16  cos  [?.+  (, -241 1790)  0°.S5]  1 7.7  | 

-0".ll  cosAcosO  +  0".ll  sin  A  sin  (O- 300  i 

2.  I  will  now  present  the  complete  proof,  only  partially 
given  in  A.J.  323,  of  the  eccentricity  of  the  annual  term. 
In  the  place  cited  I  treated  the  eight  series  of  latitude- 
determinations,  between  the  summers  of  1891  and  L892,  at 
seven  stations  covering  a  range  of  188°  in  longitude.  The 
following  table  now  gives  the  normal  observed  variations, 
deduced  in  a  precisely  similar  way,  for  dates  50  days  apart, 
from  the  additional  series, 

a  Observer  Date 


Series 


Place 


IX 

Berlin 

-13.5 

Marcuse  &  Battermann 

1890 

X 

Bethlehem 

+  75.1 

Doolittle 

1890 

XI 

Strassburg 

-   7.8 

Becker 

1893 

XII 

Bethlehem 

+  75.4 

Doolittle 

1893 

all  of  which  were  by  Talcott's  method. 


IX 


XI 


XII 


2411. 350 

-0.14 

-0.16 

2412400 

+  0.24 

+  0.08 

1400 

-   .27 

.00 

2450 

+   .17 

-   .09 

1450 

-  .26 

+  .19 

2500 

-   .01 

-   .15 

L500 

-  .11 

+   .24 

2550 

-  .16 

-   .14 

L550 

+  .18 

+   .18 

2600 

-   .21 

-   .08 

1600 

+    .21 

+   .02 

2650 

-  .13 

+  .02 

L650 

+  .20 

-   .19 

2700 

.00 

+  .08 

2411700 

+0.06 

-0.31 

277.0 

+   .12 

+  .11 

211  2SOO 

+  0.15 

+  0.07 

From  these  observed  normals  we  find,  as  described  in 
the  paper  alluded  to,  the  observed  values  of  x  and  y  in 
column  0  of  table  I,  which  includes  also  the  same  coordi- 
nates for  the  interval  241 1900-2300,  copied  from  A.J.  323. 
We  thus  have  a  nearly  continuous  record  ,of  the  observed 
path  described  by  the  pole,  from  the  beginning  of  1890  to 
the  close  of  1893. 

(129) 
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T  lblb  I 

Tablb  11. 

t 

r 

y 

A 

t 

.'■., 

Vi 

0 

c 

0 

' 

O 

C" 

C 

O 

C" 

C 

241 1350 

- 

).120 

-0*106 

+  0.17:; 

+0.146 

o"o.30 

2411350 

— 

108 

-  o.i  is 

-0*07 

+  0.02 

+  0*02 

-o'.oi 

1  too 

+ 

.067 

+  .098 

+ 

.261 

+ 

.212 

.058 

1  loo 

— 

.01 

+  .itl 

+  .02 

+ 

.12 

+ 

.11 

+  .07 

l  150 

+ 

.250 

+  .246 

+ 

.206 

+ 

.162 

.044 

1450 

+ 

.10 

+  .09 

+  .10 

+ 

.15 

+ 

.15 

+  .11 

L500 

+ 

.260 

+  .251 

+ 

.048 

+ 

.007 

.042 

l.-.oo 

+ 

.11 

+  .13 

+  .10 

+ 

.11 

+ 

.11 

+  .08 

L550 

4- 

.  1 55 

+  .105 

— 

.120 

— 

.164 

.067 

1  551 1 

+ 

.09 

+  .07 

+  .04 

+ 

.03 

+ 

.02 

-  .02 

1600 

— 

.032 

-  .103 

— 

.209 

— 

.246 

.080 

1600 

+ 

.02 

-  .03 

-  .06 



.06 

— 

.06 

-  .09 

L650 

— 

.235 

-  .247 

— 

.1  lit 

— 

.  1 82 

.035 

1650 



.09 

-  .10 

-  .11 

— 

.07 



.08 

-  .10 

170H 

— 

.315 

-  .242 

+ 

.017 

— 

.005 

.076 

1700 

— 

.16 

-  .10 

-  .09 



.02 

— 

.01 

-  .04 

175(i 

- 

-  .096 

— 

+ 

.181 

_ 

1  SI  III 

— 

+  .100 

— 

+ 

.264 

_ 

L850 

- 

+  .231 

— 

+ 

.202 

_ 

1900 

+ 

.212 

+  .225 

— 

.002 

+ 

.003 

.012 

I'.HMI 

+ 

.05 

+  .07 

+  .06 

+ 

.01 

.00 

+  .01 

L950 

+ 

.083 

+  .087 

— 

.197 

— 

.189 

.009 

L950 

— 

.03 

-  .03 

-  .03 

— 

.08 

— 

.08 

-  .08 

2000 

— 

.070 

-  .091 

— 

.282 

— 

.270 

.021 

2 

— 

.07 

—  .10 

-  .10 

— 

.12 

— 

.11 

-  .11 

2050 

— 

.197 

-.205 

— 

.184 

— 

.190 

.010 

205(1 

— 

.09 

-  .08 

-  .10 

— 

.06 

— 

.07 

-  .07 

2100 

— 

.162 

-  .194 

— 

.010 

+ 

.002 

.034 

2100 

.00 

+  .01 

-  .04 

+ 

.01 

+ 

.01 

+  .02 

2150 

— 

.041 

—  .074 

+ 

.172 

+ 

.188 

.037 

2150 

+ 

.09 

+  .1! 

+  .06 

+ 

.08 

+ 

.08 

+  .10 

2200 

+ 

.135 

+  .07:. 

+ 

•  »^.> 

+ 

.259 

.062 

2200 

+ 

.17 

+  .15 

+  .11 

+ 

.08 

+ 

.08 

+  .10 

2250 

+ 

.213 

+  .165 

+ 

.134 

+ 

.176 

.064 

2250 

+ 

.13 

+  .09 

+  .09 

.00 

+ 

.02 

+  .04 

2300 

+ 

.117 

+  .155 

— 

.003 

— 

.005 

.038 

2300 

— 

.04 

.00 

.00 

— 

.05 

— 

.06 

-  .05 

2350 

- 

+  .063 

- 

— 

.174 

_ 

2  100 

+ 

.020 

-  .047 

— 

.245 

— 

.236 

.068 

240(t 

— 

.04 

-  .08 

-  .11 

— 

.10 

— 

.10 

-  .09 

2150 

— 

.133 

-  .115 

— 

.153 

— 

.158 

.019 

2450 

— 

.08 

—  .06 

-  .06 

.00 

.00 

-  .01 

2500 

— 

.14(1 

-  .113 

+ 

.031 

+ 

.003 

.043 

2500 

.00 

-  .02 

+  .0.3 

+ 

.10 

+ 

.10 

■+-  .OS 

2551 1 

— 

.101 

—  .055 

+ 

.176 

+ 

.150 

.053 

2550 

+ 

.05 

+  .05 

+  .10 

+ 

.13 

+ 

.14 

+  .11 

2600 

— 

.OL'S 

+  .013 

+ 

.215 

+ 

.199 

.044 

2600 

+ 

.06 

+  .06 

+  .10 

+ 

.OS 

+ 

.OS 

+  .06 

2650 

+ 

.053 

+  .056 

+ 

.124 

+ 

.131 

.008 

2650 

+ 

.02 

+  .02 

+  .03 

— 

.03 

— 

.03 

-  .03 

2700 

+ 

.081 

+  .065 

— 

.012 

.000 

.020 

2700 

— 

.05 

-  .04 

-  .06 

— 

.11 

— 

.12 

-  .10 

2750 

+ 

.081 

+  .050 

— 

.132 

— 

.114 

.036 

2750 



.08 

-  .08 

-  .11 



.12 

— 

.12 

-  .10 

2412800 

+  0.033 

+  0.028 

-0.156 

-0.152 

0.006 

2412800 

-0.08 

-0.07 

-0.08 

-0.04 

-0.04 

-0.03 

Abstracting  the  fourteen-months'  term,  according  to 
eq.  1 54),  we  get  the  observed  coordinates  :<■„  and  //.,  which 
result  from  the  annual  motion  alone,  in  the  column  0  of 
table  II.  If  these  be  charted  it  will  be  seen  that  the 
points  fall  into  elliptical  figures  which  coincide  with  one 
another  in  a  remarkable  manner,  within  the  probable  errors 
of  observation.  All  of  them  indicate  the  same  features, 
pointed  out  in  A.J.  323  ;  namely,  a  major  axis  of  about 
0".3,  inclined  about  45°  to  the  Greenwich  meridian,  a  very 
large  eccentricity,  a  motion  from  west  to  east,  and  a 
period  of  about  a  year.  I  accordingly  determined  by  least- 
squares,  —  for  each  of  the  three  intervals,  A,  241 1350-1700  ; 
B,  2411900-2300;  C,  241  2400-2800, -the  constants  m,  n, 
M.  X.  in  the  equations 

»•,  =  m  sin  (©  —  .¥)     ,     ;/.,  =  n  sin(Q  —  N) 

and  found 

A        xt  =  +0*006  +  0.113  sin (©—311.2 ) 
B  +0.021  +  0.123  sin(©-288.6) 

C  -0.010  +0.070  sin  (Q-310.0) 

A        ,j„  =  +o!()38  +  0*118  sin  (©- 272^6) 
B  - 0.010  +  0.099  sin (Q-268.2) 

C  +0.003  +  0.135  sin (0—268.0) 


where  the  constant  terms  measure  the  distances,  in  the 
respective  coordinates,  of  the  centers  of  the  ellipses  from 
the  pole  of  rotation. 

To  express  the  above  results  in  elements  of  the  form  and 
position  of  the  ellipse,  we  have  to  determine  L  =  O  for 
the  date  T,  when  the  pole  of  figure  is  at  its  maximum 
distance  from  the  pole  of  rotation  —  i.  e..  when  it  is  at  the 
end  of  the  major  axis ;  a  and  b,  the  major  and  minor  axes  ; 
and  to  the  direction  of  the  major  axis.  L  may  be  found  by 
trial  from 

w2sin2(L— M)  +  n'sm2(L-N)  =  0 

and  the  other  elements  by 

a   =  2-J[m2  sin*(L—M)  +  u-  sin-(L  —  AT)] 
b  =   2 y/[m- cos- (L-M)  +  >r  cos-(L-X)} 


tan  w 


sin  (L  - 


n  sin  (L  —  N) 
We  thus  find,  from  the  three  intervals, 
T  L  u  a 


A 

April  1 1 

20.9 

44.7 

0.309 

0.112 

B 

April  1 

10.6 

51.4 

.311 

.054 

C 

Mar.  27 

5.4 

23.4 

0.289 

0.082 
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T,  L  and  eo,  have  of  course  two  values,  respectively  six 
months  and  180°  apart,  corresponding  to  the  two  ends  of 
the  major  axis. 

The  near  agreement  of  these  independent  determinations 
of  the  elements,  from  observations  in  different  revolutions, 
seems  to  me  to  be  a  demonstration,  beyond  reach  of 
reasonable  doubt,  of  the  nature  of  the  annual  component 
of  the  polar  motion  propounded  in  A.J.  323.  The  values 
in  column  C  of  table  II  are  computed  from  the  above  ex- 
pressions, A.  B,  C,  for  the  coordinates,  x„  and  >/.,.  Their 
accordance  with  the  observed  values  in  column  (>  is  very 
.striking. 

A  combination  of  the  three  series,  assigning  double 
weight  to  the  middle  one,  gives  the  values  of  the  elements 
adopted  in  the  first  section  of  this  article.  From  them 
have  been  computed  the  columns  C  in  tables  I  and  II. 

In  the  last  column  of  table  I  is  given  the  distance  be- 
tween the  individual  observed  and  computed  positions  of 
the  pole,  or  A  =  V  A*%  +  -1-y-  The  average  values  for 
1890,  1891,2  and  1893  are  0".054,  0".032,  0".033,  respec- 
tively ;  or  for  the  mean  of  all,  0".039.  This  is  about  the 
same  order  of  magnitude  as  the  uncertainty  in  the  observed 
points  themselves.  But  a  more  direct  comparison  with 
observation  may  be  made  by  means  of  the  differences  O— C, 
of  the  normal  observed  latitude-variations  of  the  twelve 
series  on  which  the  whole  investigation  is  based,  the  com- 
puted values  being  obtained  by  eq.  (57).  These  are  given 
in  table  III,  expressed  in  hundredths  of  a  second. 


Table  III. 

t 

IX 

X 

( 

XI 

XII 

1350 

2 

_2 

2400 

0 

+  7 

1400 

-3 

-4 

2450 

0 

-1 

I  i.-.o 

—  3 

-1 

2500 

-3 

-4 

1  51 II  i 

-4 

0 

255(1 

-1 

-5 

1550 

+  4 

+4 

2600 

-1 

-4 

1000 

-6 

+  6 

2650 

+  1 

0 

1650 

-4 

+  1 

27(H) 

+  1 

+  1 

1700 

-1 

—  7 

275(1 
2800 

+  1 
I) 

+  3 
+  1 

Mean 

0.034 

0.032 

Mean 

0.009 

0.029 

t             I 

II 

in 

IV 

V 

VI 

VII 

VIII 

1900 

—  i 

+  2 

_ 

+  10 

-4 

+  2 

'i 

1950   -4 

-5 

+  1 

0 

+  1 

-1 

—  6 

-3 

2000   —2 

-1 

+  2 

+  3 

2 

+  1 

—  5 

+  2 

2050   -1 

+  2 

+  1 

+  1 

-  5 

+  8 

+  2 

+  2 

2100     0 

+  5 

-1 

+  2 

0 

+  7 

2 

+  2 

2150   +2 

+  6 

-4 

0 

+  4 

+  2 

-1 

-1 

2200   +3 

+  4 

-8 

-1 

+  11 

-2 

+  8 

-3 

2250   + 1 

— 

_ 

-1 

+  8 

-3 

_2 

_2 

2300   +3 

- 

- 

-1 

-  9 

+  3 

—  5 

_ 

Mean  0.020 

0.043 

0.027  ( 

).0 

25 

0.055 

0.034 

0.037  0.022 

may  reasonably  conclude  that  the  numerical  theory  satisfies 
all  the  observations  during  these  four  years,  at  stations 
scattered  over  nearly  l'-'n  ,,f  longitude,  within  the  errors 
of  observation.  It  may  indeed  be  fairly  interred  that  the 
theory  gives  the  numerical  values  of  the  latitude-variations 
with  greater  accuracy  than  they  can  be  determined  by  any 
individual  series  of  observations;  for  an  examination  of 
table  III  shows  that  the  deviations  for  stations  in  the 
same,  or  nearly  the  same  longitudes,  have  to  a  considerable 
extent  contrary  signs  ;  so  that,  if  we  take  their  mean  values 
for  stations  so  situated,  we  have  residuals  of  much  smaller 
amount  than  most  of  the  individual  series  show.  For  in- 
stance, we  find  : 


Mean 

Mean 

t 

II,  III, IV 

VII,  VIII 

241 1900 

-0.025 

-0.005 

1950 

-  .013 

-  .045 

2000 

+  .013 

-  .025 

2050 

+  .023 

+  .020 

2100 

+  .020 

.000 

2150 

+  .007 

-  .010 

2200 

-0.017 

+  .025 

2412250 

— 

-0.02(i 

Mean 


0.01 : 


0.019 


The  mean  value  of  a  single  difference,  O  — C,  taken  with- 
out regard  to  sign,  is  0".030.     From  this  comparison  we 


The  mean  difference  arising  from  the  combined  effect  of 
errors  in  the  formula,  and  of  the  mean  results  of  two  or 
three  series  is  therefore  only  0".018.  There  is  manifestly 
a  weak  tendency  to  system  in  the  residuals,  which  may  be 
due  to  slight  errors  in  the  adopted  constants  of  the  form- 
ula, or  to  unknown  local  errors  of  observation,  or  to  an 
actual  deviation,  during  this  revolution  of  the  pole,  from 
its  mean  path.  In  any  event,  it  is  too  trivial  to  found  con- 
clusions upon. 

3.  The  accompanying  diagram  represents  the  path  of 
the  pole  of  figure  about  the  pole  of  rotation  from  the  begin- 
ning of  1890  to  the  middle  of  1895,  according  to  the  form- 
ula; and  also  shows  the  deviations  from  the  actually 
observed  path.  The  top  of  the  diagram  lies  towards  Green- 
wich, 90°  west  longitude  being  towards  the  right.  The 
dots  on  the  curve,  at  50-day  intervals,  represent  the  values 
in  column  C  of  table  I;  the  small  circles,  connected  with 
the  corresponding  points  of  the  curve  by  short  dotted  lines, 
are  the  observed  places,  in  column  O  of  the  same  table. 
The  two  observed  points  near  the  center,  at  2880  and 
2920,  are  from  late  observations,  not  given  in  the  table. 
If  the  signs  of  the  marginal  arguments  be  reversed,  the 
curve  will  mark  the  movement  of  the  pole  of  rotation  aboul 
that  of  figure  as  the  center. 

As  an  ocular  demonstration  of  the  correctness  of  the 
theory,  and  its  close  adherence  to  the  very  involved  track 
of  the  pole  as  shown  by  the  observations  of  recent  years, 
this  diagram  is  very  convincing.     But,  besides  this  merely 
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illustrative  purpose,  it  serves  also  a  practical  one;  since, 
by  moans  of  it,  we  may  read  oft'  with  facility  the  variation 
of  latitude  for  any  desired  place  and  dates  with  approxi- 
mate accuracy.  Tims,  by  drawing  a  line  towards  the  longi- 
tude of  the  station,  and  dropping  a  perpendicular  upon  it 
from  any  point  of  the  curve,  the  distance  from  the  foot  of 
the  perpendicular  to  the  center  is  the  variation  of  latitude, 
<f  —  <fu,  on  that  date  for  that  station  ;  positive,  if  the  perpen- 
dicular falls  beyond  the  center;  negative,  if  it  falls  be- 
tween the  center  and  the  station.  Perpendiculars  tangent 
to  the  curve  will  give  dates  and  amplitudes  of  maxima  and 
minima. 

For  the  more  accurate  comparison  of  current  and  future 
observation  with  theory,  a  table  may  be  computed  by 
eq.  (55),  and  used  in  conjunction  with  eq.  (56)  ;  or  eq.  (57) 
may  be  used  directly. 

4.  It  will  have  been  noted  that  the  previous  results  are 
based  on  the  assumption  that  the  fourteen-months'  revo- 
lution is  a  circular  one.  This  is  what  dynamical  theory  in 
its  present  condition  seems  to  require,  and  it  is  the  only 
assumption  involved  in  the  demonstration  of  the  conclusions 
of  this  article  ;  the  rest  being  pure  deduction  from  obser- 
vation. For  the  sake  of  consistency,  however,  with  the 
principles  laid  down  for  the  conduct  of  these  investigations 
(see  A.J.  XII,  68),  and  conscientiously  followed  from  their 
beginning,  it  is  desirable  to  test  this  assumption  by  directly 
confronting  it  with  the  observations.  I  have,  therefore, 
made  a  solution  without  introducing  this  restriction,  deriv- 
ing, from  the  observed  values  of  .>■  and  y  in  Table  I,  all  the 
necessary  constants  for  the  hypothesis  that  both  terms  may 
be  elliptical.     The  results  are  as  follows : 

u  a  b 

Fourteen-months'  term,  2S1  (X345  0.298 

Annual  term,  43  0.333  0.087 

Thus,  by  this  unrestricted  hypothesis  as  to  the  form  of 
the    fourteen-months'    rotation,  we    get  an  annual    ellipse 


practically  identical  in  form  and  position  with  the  one 
previously  deduced,  and  a  fourteen-months'  ellipse,  so 
nearh  equivalent  to  the  circle  oi  0"  Id  radius  already  there 
assumed,  that  it  is  indifferent  which  solution  we  take  to 
represent  the  observations  —  the  differences  between  them 
being  merely  nominal,  as  a  strict  comparison  shows.  The 
result  then  is  to  confirm  practically,  from  these  observa- 
tions, the  conclusion  from  the  dynamical  theory  that  this 
revolution  is  a  circular  one. 

5.  It  may  not  be  superfluous  to  point  out  that,  while 
the  equation  for  the  latitude-variation  (57)  gives  the  effect 
of  the  annual  motion  in  two  terms,  it  may  still  be  expressed 
—  and  for  some  purposes  more  conveniently  —  in  a  single 
term  of  the  same  form  heretofore  used,  namely, 

—  r2cos(0—  G), 
in  which  the  constants  will  have  particular  values  for  each 
longitude,  and  may  be  found  by 

r2  sin  Q  =    —?n  cos 3f  sinl  +  n  cos  N cos  1 
r2cosG  =    +  m ■  sin  J/ sin  /.  —  a  sin  Y  cos  J. 

Introducing  the  values  adopted  in  this  article : 

m  =  n  =  0".ll  ,      -1/  =  300°,      N  =  270°; 
we  get 

r„  sin<S  =    —  0".0550  siiU 

rlcosG  =   -0".0953  sin*  +  0".  1100  cos X 

which  give  the  following  values  for  the  stations  : 


Fulkowa. 

0.146 

11.0 

Prague, 

.131 

6.0 

Berlin, 

.130 

5.7 

Strassburg, 

.  1  22 

3.5 

Bethlehem, 

.OS! 

219.5 

Rockville, 

.087 

218.1 

San  Francisco, 

.147 

108  4 

Waikiki, 

0.139 

188.6 

The  expression     —r2  eos(0—  G),     with  these  constants, 
may  be  substituted  for  the  last  two  terms  of  eq.  (57). 


OBSERVATIONS   OF   5144   YBOOT1S, 

By  HENRY   M.  PARKHURST. 


The  period  of  5144  Y  Bootis,  announced  in  A.J.,  no.  326, 
as  a  variable  of  the  Algol-ty-pe,  seems  to  be  2.60514 
+  0.100  (sin  11°.7E  +  105°)  days,  with  the  epoch  April  29, 
1894,  (2948.526  Gr.  M.T.)  The  unfavorable  weather  since 
this  formula  was  obtained  has  prevented  its  satisfactory  veri- 
fication. On  the  other  hand,  the  last  observations,  of  Sept. 
22,  when  the  minimum  itself  was  supposed  to  be  lost  in 
the  twilight,  did  not  show  its  proximity.  The  formula  is 
founded  upon  the  following  observations,  for  several  of 
which  1  am  indebted  to  Mr.  Yendell.     The  last  observa- 


tion of  Yexdell  is  the  time  deduced  by  mj-self  from  his 
observations,  reduced  by  my  own  method. 


E 

O 

Mean 

Corr. 

C 

(O-C) 

-13 

2914.582    Y 

0.659 

—0.073 

0.586 

-0.004 

0 

2948.623    Y 

.526 

+   .097 

.623 

.000 

+   5 

2961  574    Y 

.552 

+   .028 

.580 

-   .006 

28 

3021.565    P 

.470 

+   .095 

.565 

.000 

+33 

3034.566    P 

.496 

+   .075 

.571 

-   .005 

.579    Y 

0.496 

+  0.075 

0.571 

+  0.008 
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COMPUTED    PATH    OF    THE    EARTH'S     POLE,    AND    COMPARISON    WITH    OBSERVED     PLACES. 
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A  sine-formula  founded  upon  observations  comprised 
within  120  days  can  only  be  an  approximation,  and  perhaps 
of  no  more  value  than  the  suggestion  that  the  minima  may 
vary  two  hours  or  more  from  the  times  obtained  from  the 
mean  period. 

In  the  following  table  of  observations,  the  times  previous 
to  the  present  year  are  only  approximate.  Comparison 
with  the  elements  is  too  uncertain  to  permit  their  rectifi- 
cation, and  is  deferred  until  the  elements  shall  have  been 
perfected  by  further  observations.  There  are  anomalies 
needing  explanation,  as  well  as  confirmatory  coincidences. 
It  is  especially  noticeable  that  in  1893,  while  at  the 
minima,  — 106,  —96,  —91,  and  —81,  the  observations  seem 


confirmatory,  the  intermediate  period,  —86,  on  Sept.  17, 
shows  normal  brightness.  It  is  improbable  thai  the  un- 
certainty in  the  hour  of  observation  will  account  for  this; 
it  does  not  seem  likely  that  inaccuracy  of  the  sine-formula 
or  of  mean  period  will:  and  the  only  conjecture  that  I  can 
now  offer  is,  that  if  the  minima  are  caused  by  the  inter- 
vention of  a  dark  companion,  its  orbit  may  be  so  much 
inclined  as  to  miss  some  of  the  transits.  It  it  shall  appear 
from  further  observations  that,  a  minimum  is  sometimes 
actually  omitted,  it  may  perhaps  account  for  some  of  the 
observations  of  this  year,  and  especially  for  the  observa- 
tions of  Sept.  22. 


Individual  Obseih  itions. 


5144  Y  Bootis. 

51  11    )'  Bootis.— Cont. 

5144    YBootis.- 

Cont. 

5144  Y  Bootis. - 

Cont. 

Julian 

<  lalendar 

-Mag. 

Julian 

Calendar 

Mag. 

Julian 

<  lalendar 

Mag. 

Julian 

1  lalendar 

Mag. 

i  ise 

1898 

[891 

1894 

0032.6 

May 

5 

7.. V.I 

2719.50 

Sept,  12 

8.58, 

3003.55 

dune  23 

8.54, 

3047.562 

Aug.  6 

8.28 

0043.64 

L6 

8.23 

2720.50 

13 

8.26, 

.59 

23 

7.95 

.566 

6 

7.79 

«H)(i2.62 

June 

4 

8.14 

2723.50 

16 

8.81, 

.62 

23 

8.21, 

.570 

6 

8.11 

0066.61 

8 

8.28 

2724.52 

17 

8.05, 

.69 

23 

7.99 

.602 

6 

8.13 

.64 

8 

7.94 

2726.50 

lit 

7.44, 

3008.55 

28 

8.56 

.606 

6 

8.30 

(IH77. 61 

19 

8. 15 

2727.50 

20 

8.10, 

.56 

28 

8.55 

.624 

6 

8.02 

0151.52 

Sept 

1 

8.21 

2728.50 

21 

8.02  : 

.57 

28 

8.01 

.628 

6 

8.37 

.55 

1 

8.36, 

2729.50 

22 

8.16: 

.58 

2.S 

8.67 

.673 

6 

7.'.  i5 

it  152.52 

2 

8.39" 

2735.50 

28 

8.05: 

.61 

28 

8.28 

.678 

6 

8.32 

0155.52 

5 

8.1 63 

2736.50 

29 

8.15  : 

.62 

28 

8.60 

3073.522 

Sept.       1 

8.49 

ok;  1.52 

11 

8.10, 

2737.48 

30 

8.98, 

.64 

2.S 

8.25 

.529 

1 

8.56 

0170.513 

20 

S.20 

2738.48 

Oct.      1 

8.39, 

3021.550 

July  11 

8.06 

.536 

1 

S.72 

.517 

20 

S.17 

2739.47 

•  < 

8.10, 

.557 

11 

8.37 

.543 

1 

8.18 

.521 

20 

8.73 

2740.46 

0 

•> 

8.35, 

.563 

11 

8.59 

3094.481 

22 

7.6 

.525 

20 

8  23 

2742.4(1 

5 

8.32, 

.570 

11 

8.36 

.495 

22 

8.22 

.52'.) 

20 

8.94 

274  lie. 

7 

8.55, 

.593 

11 

8.10 

.498 

22 

7.83 

(>ls:'.46 

Oct. 

o 

8.13, 

2746.46 

9 

8.66, 

.Cllll 

11 

7.71 

.504 

22 

8  25 

1893 

.608 

11 

8.32, 

.508 

22 

7.1)1) 

2669.58 

July 

24 

7.0!!, 

1894 

3034.. MI 

24 

7.85 

.512 

22 

7.92 

2672.58 

27 

8.49, 

2959.56 

.May   10 

7.69 

.559 

24 

8,61 

.515 

22 

8.06 

2C74.00 

29 

7.86^ 

2961.56 

12 

8.48 

.563 

24 

8.89 

.519 

22 

7.90 

2675.60 

30 

8.03., 

2962.56 

13 

8.33 

.577 

24 

8.44 

.5i':; 

22 

7.78 

2684.56 

Aug. 

8 

7.76s 

2990.55 

June  10 

8.44 

.586 

24 

8.27 

.526 

22 

7.7C 

269S.54 

22 

8.36, 

.59 

10 

7.97 

.5SS 

24 

7.95 

.531 

22 

8.06 

2703.54 

27 

8.171 

.62 

10 

7.91 

.606 

24 

8.10 

.535 

22 

S.I  i;i 

2705.54 

29 

7.95s 

2995.57 

15 

8.26 

3047.526 

Aug.     6 

7.92 

.541 

22 

7.99 

2706.54 

30 

8.09s 

.61 

15 

8.24 

.530 

6 

8.25 

.5:7 

22 

7.92 

2711.52 

Sept. 

4 

8.318 

.63 

15 

8.13 

.534 

6 

8.07 

.551 

22 

7.71 

2713.52 

6 

8.22, 

3000.58 

20 

8.0 

.53  7 

(i 

8.22 

Mi)'.)  1.555 

22 

s.im; 

2715.52 

8 

7.96, 

.62 

20 

8.2 

.541 

6 

8.06 

2716.51 

9 

8.41, 

3000.65 

20 

8.2 

3047.545 

6 

8.07 

OBSERVATIONS   OF   SUSPECTED   VARIABLES, 

By  PAUL  S.   VKXDKLL. 


(6653)     —Lyrae. 

Ten  observations  of  this  star  have  been  obtained,  from 
1894  June  4  to  Oct.  6.  These  give  no  decided  evidence  of 
variation,  ranging  from  8".0  to  .SM.(i  only.  The  star  is  in- 
tensely red.  my  observations  indicating  9.4  of  Chandler's 


scale,  and  in  view  of  this  fact,  the  reality  of  the  indicated 
change  appears  very  doubtful. 

(6715)     —Lyrae. 
Eleven  observations,  from  1894  June  4  to  Oct.  (i.  show 
an  increase  from  8".45  to  7". 4.     The  fact  that  an  average 
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redness   of  7..'!    is  indicated   by  my  observations   renders 
this  apparent  change  indecisive,  as  in  the  case  of  (0653). 

a  =  19h  16m.9       8  =  +37°  41'  (1900). 

This  star  is  one  of  Espin's  stars  with  remarkable  spectra, 
A.N.  3232,  p.267.  It  is  not  found  in  the  DM.  chart  or 
catalogue.  Espin,  in  his  note,  says,  "The  magnitude,  1894 
April  10,  was  8.5."  I  have  three  observations,  as  follows: 
1894  June  20,  9*.2 :  July  2,  9H.7;  Sept.  23,  not  seen,  limit 
<  11». 

These  obsen  ations  appear  to  prove  the  star's  variability. 

(ii47(  i)      -Ophiucki. 
I  have  four  observations,  from  1894  July  2  to  Sept.  23, 
as    follows:    July  2,   S".2;    Aug.  6,  SM.3;    Sept.  23,  8M.3. 
These   observations  do  not  appear  to  confirm  the  star's 
variability. 

a  =  l'>  43m.3        6  =  +21°  30'  (1900). 
This  star  is  No.  887    of  Espin's    list   in   A.N.  3232,  or 
DM.  21°3909,  7".0.      Espin  gives  its   magnitude  as  8M.0, 
and  affixes  the  query  "Var?" 


I  have  observations  as  follows:  1894  July  3,  7*.85 ; 
Aug.  26,  7".85;    Sept.  23,  7*.90.     No  confirmation  of  the 

star's  variability  is  afforded  by  these  observations. 

a  =  20h  6m.9         8  =  +26°  0'  (1900). 
No.  895    of   Espin's   list,    above    quoted.     The    star  is 
DM.  25°4126,  9".3. 

Espin  gives  the  magnitude  as  8*. 5,  and  says,  "Var?" 
I  have  two  observations,  1894  July  3  and  Sept.  23,  respec- 
tively 9". 35  and  9".20.  These  give  no  confirmation  of  the 
star's  variability. 

(7240)  -Cygni. 
This  star  was  observed  on  1894  July  3.  when  it  was  com- 
pared with  DM.  35°4003,  9M.2,  and  found  to  be  4  steps 
fainter  than  this  star,  and  2  steps  brighter  than  a  faint  star 
about  3'  nf;  its  light  was  then  estimated  at  9". 6.  No  further 
observation  was  obtained  until  Sept.  23,  when  it  was  found 
about  a  magnitude  and  a  half  fainter  than  the  last-mentioned 
star,  and  by  eye-estimation  very  near  11M.0.  There  seems 
no  doubt  of  its  variability. 


FROM   A  LETTER   OF  MR.  BERBERICH   TO   THE   EDITOR. 


In  the  new  issue  of  the  Jahrbuch,  the  minor  planets  of 
1894  are  numbered  as  follows  : 


AV 
AX 

AY 
AZ 
BA 
BB 
BC 


Feb. 
March 

March 
March 
March 
March 


11 
1 
1 

5 
7 
8 


March  24 


COURTY 

Wolf 

Wolf 

COUKTY 

Chaklois 
Charlois 

BlGOURDAN 


(Bordeaux) 

(Heidelberg) 

(Heidelberg) 

(Bordeaux) 

(Nizza) 

(Nizza) 

(Paris) 


=  (384) 

=  (385) 

=  (386) 

=  (387) 

=  (388) 

=  (389) 

*=  (390) 


The  number  359  has  been  assigned  to  planet  1893  M. 
Chaklois,  March  10. 


The  past  opposition  of  Andromache  (175)  will  afford 
means  for  correcting  the  orbit  of  this  asteroid  in  a  sufficient 
manner.  The  corrections  of  the  elements  will  be  small, 
though  there  has  been  a  great  difference  (40B)  between  ob- 
served positions  and  ephemeris.  A  preliminary  computa- 
tion gave  Sfj.  =  —  0".0570.  It  was  only  the  longitude  of 
perihelion  that  has  shifted  a  little. 

For  some  time  I  have  continued  the  computation  of 
the  perturbations  produced  by  Jupiter,  beyond  the  next 
conjunction  with  this  planet.  The  following  set  of  ele- 
ments will  give  an  idea  of  the  transformation  of  the  orbit, 


T  =  1895  Nov.  26.0 

M  =  82°  16  56°9 

co   =  299  54  49.9 

«   =  25  33  58.7 
i  =       3  10  58.6 

<?  =  11  34  21.5 

M   =  614".58102 

log  a   =  0.507618 


Berlin 
1896  Dec.  30.0 

o  /  u 

150  9  34.4 
300  20     5.1 

25  29  53.6 
3  10  56.1 

11  29  55.2 

613".13393 

0.508301 


Mean  Time. 

1898  Mar.  15.0    1899  May  29.0 


224  22  21.5 
300  44  34.0 
25  25  4.3 
3  11  4.7 
11  15  40.9 
610".28215 
0.509650 


298  6  57-3 
301  22  0.6 
25  24  47.8 
3  10  42.0 
11  8  3.7 
611".64264 
0.509006 


1900  May  24.0 

359°  o'  23^4 
301  33  44.9 

25  23  51.1 
3  10  40.0 

11     7  48.8 

612".33165 

0.508680 


Mean  Equinox  1900.0. 


From  May  1900  there  begins  a  new  decrease  of  fj.:  but 
for  some  years  the  variation  of  this  element  will  be  slight 
until  1906.  when  another  important  diminution  will  follow. 

I  have  deduced,  in  a  rough  manner,  the  place  of  Andro- 
mache, at  opposition  in  1900,  —  first  with  the  above  ele- 
ments, then  with  the  elements  osculating  1877  October. 
1  find 

Berlin.  1894  Oct.  23. 


1900  Sept.  21.0 
31.0 


and 


1900  Sept.  21.0 
31.0 


ll  111 

23  47.:: 
23  40.2 


1     3.3 
0  55.7 


8  = 


S   = 


-4     4.(1 
-4  37.3 

O  / 

+  5  14.4 

+4  3:i.5 


The  difference,   —  75m  and 
the  perturbations  in  1 900.0. 


-9°.3,  will  be  the  effect  of 


A.    Berbekk  H. 
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ON  A   NEW   VARIABLE   OF   SHORT   PERIOD, 

18  (Fl.)  Aquilue  :     (1S55)     19h  0'"  9~     ,     +10°  yl'.O, 
Iiv  S.  (  .  (  IIAXDLEK. 


observations  extending  from  1894  Aug-.  9  to  Oct.  7  have 
established  the  variability  of  the  above  star,  between  the 
approximate  limits  5".3  and  5K.7,  in  a  period  of  a  trifle 
less  than  five  days.  The  elements  derived  from  these  ob- 
servations  and  from  those  of  the  Potsdam  Photometric 
( latalogue  are 

1894  Aug.  G.7  (Greenwich  ALT.  i  +4d.986E. 

The  star  was  used  as  a  standard  by  Dr.  Gould  for  the 
Uranometri'i  Anj>  nthi",  and  is  there  marked  with  an  aster- 
isk, which  indicates  that  he  found  reason  to  suspect  vari- 
ation while  it  was  under  observation  at  Cordoba.  It  was 
also  used  as  a  fundamental  star  by  Mri.i.Ei:  and  Kkmit  : 
who,  however,  state  that  their  numerous  measurements  do 


not  confirm  this  suspicion  (p.  482).  In  view  of  my  ol 
vations,  which  clearly  showed  the  above  variation  audits 
unmistakable  periodicity.  1  was  led  to  examine  the  Potsdam 
observations  thoroughly,  not  only  those  which  were  taken 
of  it  as  a  fundamental  star,  but  those  in  the  zones  where  it 
was  employed  as  such.  We  thus  have  57  determinations 
ol'  its  brightness  at  Potsdam,  on  32  nights.  These  were 
assembled  to  form  a  mean  light-curve,  using  the  above 
period.  The  result  was  an  apparently  certain  confirm: 
of  the  fluctuation,  within  somewhat  narrower  limits  of  mag- 
nitude. This  is  extremely  interesting  as  evidence  of  a  sur- 
prising precision  in  the  Potsdam  measurements,  unexampled 
in  instrumental  photometry. 


OBSERVATIONS   OP   THE   FIFTH   SATELLITE   OF   JUPITER, 

MAIiK    WITH    THE    36-INCH    EQUATORIAL    OF    I  111:    LICK    OBSERVATOKY, 

By  E.   E.   BARNARD. 

The  satellite  is  very  faint  at  present,  and  observations 
ot  it  have  been  obtained  only  on  one  morning.  It  was  also 
seen  on  the  morning  of  October  l(i.  but  a  heavj  south  wind 
shaking  the  telescope  made  it  impossible  to  set  the  threads 
on  the  satellite.  The  measures  have  been  reduced  with 
an  apparent  semidiameter  (equatorial)  of  20".69,  from  my 
previous  measures  of  the  planet  (see  A.J.  325).  To  this 
was  applied  a  phase-correction  of  —  0".38. 

The  satellite  was  very  difficult,  but  I  think  the  measures 
will  be  reasonably  good. 

Mt.  Hamilton,  lS'.M  <)<-t.  17. 


1894  Octobm 

8. 

Distance 

Standard  Pac.  Time 

Circle           frompr.liinli 

from  center 

h        in 

r 

^ 

rr 

14     5     '.i 

53.049 

29.40 

49.71 

14     8  37 

52.951 

28.53 

48.84 

14  12  14 

.-.2.1121 

28.13 

18.44 

14    14   17 

53.003 

28.94 

19.25 

14  18  12 

53.269 

31.58 

51.89 

14   23     7 

53.215 

31.04 

51.35 

1  1  25  37 

53.209 

30.98 

51.29 

14  27  52 

53.200 

30.39 

50.70 

Coincidence  of  threads  =  50r.080. 


ON   THE    VARIABILITY 

By  EDWIN 

On  my  return  the  last  of  August  from  a  short  vacation, 
I  found  a  communication  from  Dr.  Chandler,  calling  my 
attention  to  his  discovery  of  the  above  star  as  a  variable  of 
the  Algol-type,  and  requesting  observations  of  the  same  for 
the  purpose  of  confirmation.  Although  the  conditions  for 
observing  during  August  and  September  were  anything  but 
favorable,  owing  to  recent  forest  fires,  several  observations 

Brighton,  1894  Oct.  20. 


OF   6442 

F.  SAWYER. 


Z  HERCUL1S, 


were  secured  when  the  star  was  found  at  its  normal  bright- 
ness. On  two  occasions,  however.  August  29  and  Septem- 
ber 6,  the  star  was  found  quite  faint.  On  both  these  even- 
ings the  minimum  had  undoubtedly  been  passed,  as  only 
a  few  steps  rise  in  the  light  was  observed.  These  obser- 
vations, however,  served  to  prove  its  variability  and  its 
interesting  type. 


POSITIONS   OF   COMPARISON-STAR  FOR   THE   COMET  a  1894, 

By  Dr.  L.  de  BALL. 
The  comparison-star  cited  in  no.  322  of  the  Astronomical  Journal,  namely  S.DM.  —  6°259,  has  been  twice  observed 
here.     The  observations,  referred  to  the  mean  equinox  of  1900.0,  are 

M  ll         III  8  °  /  ■ 

1892  Mar.  21   =   1892.22         S.7         8  21  27.37         -6  8  43.8         Circle  W. 

1893  Mar.  16   =   1893.20         8.6  27.46  44.6  "       E. 
v.  Kuffner  Observatory,  Vienna  XVI,  1894  July  22. 
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REDISCOVERY  OF  ENCKE'S  COMET. 

I'.n.  ke's    periodical    comet    was    discovered   by  Cerulli    at    Teramo   on    Nov.  1.       Its    position   at   Berlin    noon 
Nov.  1.  was     a  =  23''  8"'  8",     8  =  +13°  36'.     Daily  motion,  —  2m  Ki"  in  a,  and  16'  southward. 


NOTE  FROM  PROF.  SAFFORD  TO  THE  EDITOR. 


Allow  me  to  aiM  some  notes  to  Mr.  Davis's  excellent  paper  in 
A.J.  328. 

1).     The   A.bo  catalogue  is  already  brought  up  to  18:>0  with  its  own 

proper  motions,  as  was  then  the  fashion  among  the  better  astron- 

niiiers.      It  is  not.  linn,  quite  proper  to  speak  of  the  epoch  1830  as 

eous.     Aki.  i  i,  \n  [>ei:  himself  usually  employed  1830  in  place 

of  computing  the  mean  year. 

2).  Some  of  the  additional  stars  mentioned  in  the  article  are  to  be 
found  in  Stei  vi- -  Br<  itengradmeSs*aig,  as  observed  by  Abgelan- 
ni  i;  and  Steuve  himself.     Others  are,  1  think,  in  Argelandeb's 

Williamstown,  Muss.,  is;>4  Oct.  27. 


article   in   the   A.N.   on   Famsteed's  stars   not  in  his   (F.'s)  cata- 
logue. 

3).  The  fourth  volume  of  the  Abo  observations  was  never  pub- 
lished. There  is,  however,  a  copy  of  the  sheets  in  the  Harvard  Col- 
lege Observatory  library.  1  think  it  is  not  often  to  be  met  with:  this 
copy  was  bought  at  my  request  about  thirty  years  ago.  and  I  cannot 
remember  that  [have  ever  seen  another  one  offered  for  sale.  Mr.  Davis 
has  performed  a  real  service  to  astronomers;  as  no  other  astronomer 
but  the  author  has,  so  far  as  I  know,  ever  had  this  fourth  volume  at 
command  when  calculating  epochs  for  proper-motion  stars. 

T.  H.  Safford. 


NEW   ASTRONOMICAL   WORKS. 


Formelu  und  Bulfstdfelu  fur  Geographische  Ortsbestimmungen,  von 
Prof.  Dr.  Tn.  Albrecht.     Dritte  umi/i  m-heitete  und  vermehute 

Aiijlii'ji.     Leipzig,  Wilhelm  Engelmann,  1894. 

This  enlarged,  and  to  a  considerable  extent  rewritten,  edition  of 
the  well-known  work  of  Prof.  Albrecht,  contains  a  theoretical  dis- 
eussion  of  the -formulas  generally  required  for  geographical  determi- 
nations, together  with  the  principal  tables  needful  for  their  employ- 
ment. It  also  constitutes  a  valuable  handbook  for  those  engaged  in 
geodetic  operations,  and  gives  the  latest  adopted  values  for  the 
constants.  Four-figure  tables  of  the  logarithms  of  numbers  and 
trigonometrical  functions  are  added;  as  well  as  the  numerical  values 
of  t  lie  latter. 

Verzeichniss  der  Elemente  der  bisher  berechneten  Cometenbahnen, 
nebst  Anmerkungen  und  Literatur-Niichireisen.  nm  bearbeitet, 
i  rganzi  und  fortgi  setzt  bis  zum  Jahre  1894,  von  Dr.  J.  G.  Gali.e. 
Leipzig,  W.  Engelmann. 

Forty-seven  years  have  elapsed  since  the  astronomer  Gai.i.k,  then 
at  the  Berlin  Observatory,  prepared  for  Encke's  edition  of  Olbers's 
treatise  on  the  Computation  of  a  Comet-orbit,  a  table  of  the  elements 
of  all  the  comet-orbits,  which  had  been  deduced  up  to  that  date,  17S 
in  number,  and  with  numerous  valuable  references  ;  this  being  a  con- 
tinuation and  completion  of  Oieers's  own  catalogue  published  in 
Sc  humacheb's  Astronomische  Abhandlungen. 


For  the  third  edition  of  "Olbers's  Method,"  published  1864, 
Gai.i.k  continued  his  catalogue  up  to  the  end  of  1S63,  in  an  appen- 
dix which  was  also  separately  issued.  More  than  twenty  years  later 
yet,  in  April  1885,  he  published  in  the  Astronomische  Nachrichten, 
vol.  112.  another  list,  containing  the  orbits  of  seventy  more  comets, 
making  ^st5  in  all,  forty-two  of  which  were  newly  computed  or  cor- 
rected. 

The  present  catalogue  is  far  more  elaborate  than  its  predecessors. 
It  is  a  volume  of  315  pages,  containing  the  orbits  of  416  comets, 
each  apparition  of  a  periodic  comet  being  separately  numbered.  In 
the  arrangement  of  the  table  of  Elements  a  few  changes  have  been 
made,  mostly  in  conformity  with  the  usage  of  recent  years.  The 
times  of  perihelion  passage  are  given  in  decimals  of  a  day  ;  the  in- 
clinations are  counted  from  0°  to  180°,  thus  dispensing  with  the  dis- 
tinction between  direct  and  retrograde  motion;  instead  of  w,  the  so- 
called  longitude  of  the  perihelion,  the  angle  u  =  tt  —  Q  is  given, 
under  the  title  "Argument  of  the  Perihelion,"  in  analogy  with  the 
"  Argument  of  the  Latitude,"  u. 

The  historical  narratives  and  references  are  very  complete,  and  the 
work  is  thus  a  repertory,  which,  in  the  present  condition  of  our 
knowledge,  seems  almost  indispensable. 

The  gratitude  of  astronomers  is  due  to  the  honored  veteran  who 
signalized  his  twenty-fourth  year  by  the  discovery  of  Neptune,  and 
his  eighty-second  by  this  important  work. 


N'n.  323,  p.  101,  col.  2,  line  —16,    for     "  the  stars,' 


CORRIGENDA. 

put     ''two  stars.";        p.  102,  table  of  diameters,  July  8,    for    42". 87    jmt     40".87. 
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OBSERVATIONS   OF   VARIABLE   STARS, 

By  WM.   MAXWELL   HEED. 
[Communicated  by  Edward  C.  Pickering,  Director  of  the  Harvard  College  Observatory.] 


The  following  summary  of  observations  must  be  con- 
sidered preliminary  to  a  final  discussion  to  be  published  in 
the  Annals  of  the  Harvard  College  Observatory.  The 
magnitudes  were  derived  from  a  combination  of  the  light- 
scales  and  meridian-photometer  measurements.  In  some 
cases,  however,  where  M.  P.  magnitudes  were  not  available 
DM.  estimates  were  used.  The  magnitudes  above  the 
ninth  will  not  be  materially  altered  by  the  final  discussiou. 
The  fainter  magnitudes  may  be  corrected  by  as  much  as 
one  unit.  Any  systematic  correction  upon  the  scales  of 
magnitudes,  however,  will  have  little  effect  upon  the  times 
of  maxima,  minima,  and  secondary  phases. 

All  observations,  from  Jul}'  16,  1890,  until  Feb.  10, 
1894,  were  made  at  the  Harvard  College  Observatory  with 
the  West  Equatorial  (6j-inch  aperture).  After  Feb.  10  the 
observations  were  made  by  the  telescope  of  the  Abbot 
Academy  (o^-inch  aperture)  at  Andover,  Mass. 

1  wish  to  thank  the  Board  of  Trustees,  and  Miss  Laura 
Watson,  Principal  of  the  Academy,  for  generously  placing 
the  apparatus  of  their  observatory  at  my  disposal. 

To  describe  a  small  notch  or  irregularity  in  the  light- 
curve  I  have  used  the  word  ■•stand-still,"  which  lias  already 
been  suggested  in.  a  contemporaneous  publication.  To 
economize  space  it  has  been  abbreviated  as  "SS."'  This 
term  has  frequently  been  used  to  denote  a  temporary  de- 
crease in  the  rate  of  change  in  the  light  of  the  variable, 
although  tin-re  was  not  the  slightest  evidence  that  the 
magnitude  of  the  star  actually  '-'stood  still"  a  moment. 

The  study  of  the  irregularities  in  the  light-curve  is  fully 
as  interesting  as  of  those  in  the  period.  The  character  of 
the  light-curve  in  connection  with  changes  in  the  spectrum 
may  give  results  as  valuable  as  those  derived  from  the 
irregularities  in  the  period  and  proper  motion  of  $Pers<i. 
An  interesting  example  is  SC-pIiei.  The  usual  form  of 
maximum  as  given  by  these  observations  is  a  somewhat 
rapid  increase  and  decrease;  but  at  the  apex,  for  a  hun- 
dred or  more  days,  there  is  scarcely  any  change  in  the 
light.     The  star  also  remains  at  practically  the  same  mag- 


nitude for  fifty  or  more  days  at  minimum.  The  maximum 
on  1891  Dec.  12  had  the  usual  increase,  but  a  sharp  apex 
and  a  gradual  decrease.  The  principal  feature  was  a  sud- 
den outburst  of  light  which  occurred  during  the  decrease. 
The  variable  increased  more  than  a  magnitude  in  a  week. 
A  month  or  so  later,  however,  it  had  decreased  to  the 
brightness  it  would  have .  had  if  the  outburst  had  not  oc- 
curred. So  thai  this  secondary  maximum  gives  the  ap- 
pearance of  being  a.  mere  addition  to  the  light-curve. 
Several  other  secondary  phases  are  indicated,  but  there  are 
not  enough  observations  to  establish  them  with  certainty. 
A  great  many  of  the  "stand-stills  "  recorded  in  the  following 
notes  present  the  same  phenomenon  of  being  additions  to 
the  light-curve.  A  record  of  over  ten  years  for  T  <  'eph  <■  i  gi  ves 
ten  more  or  less  well-determined  >< stand-stills."  The  mean 
period  is  about  twenty  days  less  than  that  of  the  variable. 
From  studying  these  and  other  variables,  1  am  inclined  to 
believe  that  the  light-curve,  in  some  cases  at  least,  is  the 
sum  of  two  or  more  curves  —  each  component  curve  having 
a  different  range,  period,  and  character  from  the  others. 
By  such  a  hypothesis  one  can  account  for  the  changes  in 
period  and  range  of  a  variable,  and  the  presence  of  "stand- 
stills "and  secondary  phases.  Unfortunately  there  is  not 
enough  evidence  yet  to  give  the  elements  of  the  two  or 
more  component  curves  for  Tt 

Such  a  problem  is  sure  to  be  solved  in  the  course  of 
time  by  a  sufficient  number  of  observations.  But  hereto- 
fore the  preliminary  publications  on  variable  stars  have 
consisted  chiefly  of  data  for  the  period,  and  a  casual  de- 
scription of  the  character  of  the  curve.  Observers  have 
deferred  a  discussion  of  the  light-curve  for  such  final  pub- 
lications as  have  1 n  made   by  Akoelaxhei:.  ScHONF]  i  d, 

Peek,  Parkhukst,  and  others.  Such  elaborate  publi- 
cations must  necessarily  occur  at  long  intervals  of  time: 
so  that  half  a  century  may  elapse  before  all  the  obser- 
vations of  a  given  decade  are  published.  If  the  stud}  of 
the  periods  had  been  dependent  upon  such  material,  our 
present  ephemerides  would  have  had  little  value.     I   do 
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not  wish  to  impair  in  the  least  the  importance  of  publica- 
tions of  the  original  observations  in  the  manner  followed. 
Bui  I  think  the  character  of  the  light-curve  should  receive 
:ame  amount  of  attention  in  the  preliminary  publica- 
tions as  lias  been  given  to  the  period.  That  I  might  not 
pose  as  a  guide-post,  I  had  intended  to  set  a  little  stronger 
example  than  I  have,  by  publishing  the  coordinates  of 
numerous  points  on  the  light-curves.  Hut  the  publication 
of  the  original  observations  and  deduced  light-curves  will 
be  made  so  soon  1>\  Harvard  College  Observatory,  that  the 
above  plan  would  have  caused  useless  duplication  of  work. 
RAtirigae  is  given,  however,  as  an  example  of  how  eco- 
nomically the  phases  of  the  light-curve  can  be  published  in 
a  preliminary  article. 

The  dates,  except  when  in  brackets,  are  in  the  Julian 
day.  The  magnitudes  given  for  the  beginning  and  end  of 
the  different  series  of  observations  are  taken  from  the 
light-curve,  and  not  from  individual  observations. 

'/'  ( 'assiopi '"'. 

Max.  2411636  [1890  Sept.  25]  at  7*.3,  29  observations. 
The  variable  was  8M.8  when  first  observed  on  2411575,  and 
L1M.0  when  last  observed  241  1805.  The  decrease  of  the 
curve  was  practically  a  straight  line. 

Max.  2412088  [1891  Dec.  21]  at  7".5,  37  observations. 
A  secondary  maximum  occurred  at  2411961  at  8". 6.  Ob- 
servations  -were  commenced  on  2411900  at  9". 2.  and  ended 
on  211  2200  at  9M.9.  The  decrease  was  best  represented 
by  a  straight  line. 

S  Cassiopeae. 
Max.  2411932  [1891  July  18]  at  7".8,  22  observations, 
which  were  commenced    2411882  at  9".7,  and   ended  on 
I'll  2098  at  IP1. 0.     Both  the  increase  and  decrease  were 
represented  by  straight  lines. 

T  Persi  i. 
From  241 1630  to  —930,34  observations  show  no  vari- 
ation in  the  light  of  the  variable,  which  remained  constant 
at  the  9M.0.  A  very  slight  maximum  was  passed  on 
241 1990  at  8". 7  ;  15  observations.  The  star  then  remained 
constant  at  9M.l  from  2412100  to  210;  7  observations. 
From  2412400  to  555,  4  observations,  the  variable  was 
9M.2.  From  750  to  905,  8  observations,  the  variable  was 
9*.l. 

SPersei. 

Max.  241  2180  [1892  March  22]  at  SM.3  ;  92  observations. 
At  2411640  the  variable  was  10M  .3.  The  increase  was 
slow  until  241  1815,  when  it  began  to  increase  rapidly 
until  2411950  at  8". 5.  The  variable  then  remained  verj 
nearly  stationary  until  80  days  before  maximum.  The  de- 
crease was  regular,  and  at  about  the  rate  of  1  unit  in  90 
da  vs. 


Min.  211  25iio  [IS'.);;  Feb.  5]  at  L0".3;  41  observations. 
For  more  than  200  days  at  minimum  the  variable  remained 

stationary  in  brightness,  so  that  the  above  date  is  neces- 
sarily approximate.  The  increase  was  at  the  same  rati'  as 
the  decrease  of  the  previous  maximum.  On  241  2880  the 
star  reached  the  9M.<>. 

/,'  Aurigae. 

Max.  2411587  [1890  Aug.  7]  at  7*.3.  Only  one  obser- 
vation was  made  during  increase,  so  that  the  time  of 
maximum  is  a  little  uncertain.  But  since  there  were  5 
observations  at  maximum,  there  is  excellent  evidence  that 
the  above  date,  if  in  error  at  all,  is  too  late.  A  slight 
■•SS."  occurred  during  the  decrease  at  about  11M.3,  and 
150  days  after  maximum.  The  variable  was  9M.0  on 
241156.-);  7". 4  on  5S1  and  596 ;  SM.0on632;  9M.0  on  672 
10\0  on  699;  11". (ton  718;  11*.2  cm  724;  11»3  on  715; 
12a.O  on  771;  21  observations. 

Max.  2412037  [1891  Oct.  31]  at  6". 9.  The  increase  was 
marked  as  usual  by  a  prominent  "SS."  at  10M.3.  The 
"SS."  began  about  110  days  before  maximum,  and  lasted 
about  30  days.  As  in  the  previous  epoch,  the  observations 
indicate  a  slight  "SS."  about  150  days  after  maximum, 
and  at  11M.3.  But  unfortunately  observations  were  stopped 
at  this  point,  so  that  its  presence  can  not  be  considered 
proved.  The  variable  was  12\3  on  2411865;  10».3  on 
924  and945;10M.0on973;  9M.0  on  999;  8M.0  on  241201  I  ; 
7\5  on  020  and  062;  8".0  on  079;  9M.0  on  113  ;  10*.0  on 
1  45  :    L1».0  on  174  ;  11»3  on  201 ;  28  observations. 

Max.  2412523  [1893  Feb.  28]  at  7".:;.  Observations  on 
the  increase  were  commenced  at  9M.6  in  the  middle  of  the 
•■SS.."'  which  ended  about  110  days  before  maximum. 
The  variable  was  9M.6  on  2412400  and  415;  9M.3  on  430; 
8»5  on  461;  7". 5  on  500  and  545;  8M.5on578;  9\2  on 
595;   11  observations. 

Max.  2412950  [1894  May  1]  at  6M.9.  The  time  of  maxi- 
mum depends  upon  only  5  observations,  and  is  therefore  a 
little  uncertain.  The  "  SS."  on  the  increase  occurred  at 
9". 6.  It  began  115  days  before  maximum,  and  lasted 
ab  mt  60  days.  The  variable  was  11»9  on  241  2780  ;  11".0 
on  800 ;  10".0  on  820  ;  9M.6  on  835  and  890 ;  9»4  on  905  ; 
8M.5  on  921;  7M.7  on  985;  8M.7  on  2413010;  12  obser- 
vations. 

R  Lynds. 

Max.  241 1867  [1801  May  14]  at  8M.3  ;  22  observations. 
Two  secondary  maxima  follow  the  principal  one  by  about 
40  and  75  days  respectively. 

B  Ursae  Majoris. 

Max.  2411856  [1891  May  3]  at  SM.0 ;  19  observations. 
The  increase  of  the  curve  was  rapid.     The  variable  changed 
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slowly  at  maximum.  Observations  extend  from  241 1766 
at  12a.5  to  2411985  at  12".l. 

.Max.  2412159  [1892  March  1]  at  7". 4,  16  observations, 
which  extend  from  2412129  at  7».9  to  241  2212  at  9*.3. 

Max.  2412449  [1892  Dec.  16]  at  7H.6;  7  observations. 
The  character  of  the  light-curve  was  the  same  as  for  the 
maximum  1S91  May  ."..  ( )liservations  extend  from  241  2406 
at  9"  .8  to  2412539  at  10*.7. 

Max.  2412749  [1893  Oct.  12]  at  7*9;  15  observations. 
The  time  of  maximum  is  a  little  uncertain  because  there 
were  only  3  observations  during  the  increase.  Observations 
extended  from  2412698  at  10".3  to  2412837  at  10*.5. 

'/'  Ursae  Majoris. 

Max.  2412041  [1891  Nov.  4]  at  S\0.  7  observations, 
which  began  on  2411985  at  IIs'. 7,  and  ended  on  2412097 
at  10M. 

Max.  2412829  [1893  Dec.  31]  at  7". 7;  9  observations. 
The  increase  was  slower  than  the  decrease.  Observations 
began  on  241  2766  at  9*.6,  and  ended  on  922  at  12*.4.  The 
time  of  maximum  may  be  a  little  too  early. 

S  Ursae  Majoris. 

The  successive  maxima  were  so  nearly  alike  that  all  the 
observations    were    united    into    one    curve.      A  "  SS."  of 


about  25  days'  duration  occurred  on  the  increase  at  8 " .  1 . 
It  began  about  48  days  before  maximum.  The  variable  at 
maximum  was  7M.N.  and  at  minimum  11". 5.  The  weights 
are  in  proportion  to  the  number  of  observations. 


Observed  Maxima 

211  17H5.4   =    L890  Dec.  ."..I 

2  11  1932.6         1891  July  18.6 

2412151.'.!         1892  Feb.  25.9 

2  1 1  2379.8         1892  Oct.  7.8 

2412605.0         1893  May  21.0 

2112825.4   =   1893  Dec.  27.1 


Observed  Minima 

2411589.5  =   1890  Aug.     9.5 
1891  Apr.     2.2 


2411825.2 

211  2041.5 
2  1 1  2266.5 
2  1 1  2496.5 
241270.-,.:; 
241  2932.3 


1891  Nov.     4.5 

1892  June-  16.5 

1893  Feb.  1.5 
1893  Aug.  29.3 
ISO  I  Apr.   13.3 


0— c 

Wts. 

-1.3 

5 

+  1.1 

7 

-1.1 

13 

-0.2 

12 

+  1.2 

1 

-1.8 

5 

o— c 

Wts 

-  1.2 

2 

+6.7 

17 

-1.5 

4 

-0.6 

7 

+  5.7 

o 

-8.7 

o 

O 

-4.8 

3 

The  mean  by  weights  of  the  residuals  for  maxima  is 
—  0d.54,  and  for  minima  +1'1.7.  These  corrections  do  not 
justify  any  change  in  the  elements. 


Epoch 
37 
38 
39 
40 
42 


S  Bootis. 

Extent  of 

Observations 

Observed  Maxima 

Mag. 

No.Obs. 

Began 

Mag. 

Ended 

Mag. 

2411646 

1890  Oct.     5 

8.4 

14 

241 1592 

10.0 

2411733 

11.0 

2111909 

1891  June  25 

8.1 

15 

241 1823 

11.5 

241 1909 

1  0.0 

211 2178 

1892  Mar.  20 

8.6 

15 

24l21o:; 

11.0 

211  220.-, 

9.0 

2 1 1  2439 

1S02  Dec.     6 

8.0 

9 

24  1  2368 

10.5 

241  25:  !7 

11.2 

241  2965 

1894  May  16 

8.3 

10 

211  2902 

10.0 

2413045 

11.0 

The  above  maxima  indicate  a  steady  decrease  in  the 
length  (,f  the  period.  The  decrease  began  apparently  at 
the  .",0th  epoch,  and  amounted  to  13  days  at  the  42d.  By 
a  curious  coincidence,  a  small  break  in  the  observations 
occurred  at  or  near  each  maximum.  The  observations 
therefore  do  not  actually  contradicl  the  elements. 

/,'  Camelopardalis. 

Max.  241  1 70S  [1891  Feb.  4];  15  observations.  The 
magnitude  at  maximum  is  uncertain  on  account  of  lack  of 
observations.  For  the  same  reason  the  determination  of 
time  is  doubtful  b\  .'!  or  I  days.  Observations  extended 
from  241  16.S4  at  12».0  to  241  1877  at  11  ".<>. 

Max.  2412032  [189]  Oct.  26]  at  7*.6;  20  observations. 
There  were  two  "SS.'s"  during  decrease.  The  first  oc- 
curred approximately,  from  48  to  63  days  after  maximum, 
and  at  8M.9.  The  second  began  about  88  days  after  maxi- 
mum, and  lasted  about  14  days  at  10".l.  Observations 
from  2411952  at  12\2  to  2412182  at  12\2. 


Max.  241  2297  [1892  July  17]  at  8\4;  20  observations. 
The  observations  from  2412270  to  —384  were  made  by 
Mr.  T.  E.  1'owk.  On  account  of  the  flatness  of  the  curve 
at  this  epoch,  which  forms  a  striking  contrast  to  the  previ- 
ous one,  the  time  of  maximum  cannot  be  determined  with 
precision.  Observations  from  241  2236  at  L0M.3  to  2  1 1  2428 
at  11V1. 

Max.  2412836  [1894  Jan.  7]  at  8M;  !■"•  observations. 
The  observations  indicate  a  ••  ss."  during  the  increase  al 
10M.7,  and  about  90  days  before  maximum. 

R  Ursae  Minoris. 

A  maximum  was  indicated  about  211  1620  [1890  Sept  0] 
at  9".2.  But  observations  were  commenced  too  late  to 
make  this  determination  at  all  certain. 

Min.  2411717  [1890  Dec.  15]  at  10\1 
Max.  241 1923  [1891  July   9]  at    9".2 

The  increase  was  very  gradual,  while  the  decrease  was 
in  comparison  rapid.     To  change  fa*  (max.  to  9M.9)  took 
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before  maximum  152  days,  and  after   maximum  only    17 

< 1  a  \  S. 

Mm.  I'll  I'll.".:;  [1891  Nov.  1(1]  at  10».05.  The  light- 
curve  was  \ri\  flat  at  this  minimum.  For  100  days'  obser- 
vations indicate  scarcely  any  change  in  Light. 

The  above  times  of  maxima  anil  minima  were  derived 
Erom  60  observations. 

R  Draconis. 

Epoch  20.  Max.  I'll  1624  [1890  Sept.  13]  at  8".l ;  17  ob- 
servations. The  grouping  of  the  observations  makes  the 
date  of  maximum  not  so  accurately  determined  as  for  the 
following  epoch.  Observations  from  241 1573  at  11M.5  to 
211  1690  at  11". 0. 

Epoch  21.  Max.  241  1S73.5  [1891  May  20.5]  at  7*.l ;  20 
observations,  from  241 1807  at  11".0  to  2411960  at  12". 0. 

Epoch  22.  Max.  2412118  [1892  Jan.  20]  ;  15  observa- 
tions. With  the  exception  of  two  observations  near  mini- 
mum, only  the  decrease  was  observed.  It  resembled  so 
closely  the  decrease  of  Epoch  21,  that  I  assumed  that  the 
two  curves  were  alike  in  other  respects,  and  accordingly 
computed  the  above  time  of  maximum. 

Epoch  23.  Max.  241 2363  [1892  Sept.  21  ]  ;  5  observations. 
( Inly  the  decrease  was  observed  for  this  epoch  also.  The 
time  of  maximum  was  computed  in  the  same  manner  as 
for  epoch  22. 

Epoch  25.  Max.  241 2853  [1894  Jan.  24]  at  7*6  ;  6  ob- 
servations. 

When  all  the  observations  were  united  into  a  single 
curve,  a  slight  '•'  SS."  was  indicated  on  the  decrease  at 
10". 7,  60  days  after  maximum.  It  was  noticeable  only  in 
Epochs  20,  22,  23,  25. 

S  Cygni. 
Max.  2412765  [1893  Oct.  28]  at  10.5;  10  observations. 
The  light-curve,  as  is  well  known,  is  slightly  irregular.  A 
"  SS.,"  or  perhaps  a  secondary  minimum,  occurred  about 
12  days  before  maximum  at  10M.S.  Observations  extended 
from  2412739  at  12".0  to  2412802  at  12".2. 

T  Cephei. 

Min.  2411707  [1890  Dec.  5]  at  8". 6;  20  observations, 
from  2411583  at  6M.2  to  2411780  at  7M.7. 

Max.  2411931  [1891  July  17]  at  5*4;  22  observations, 
from  241 1792  at  7M.3  to  2412018  at  7". 5.  The  increase 
was  marked  by  two  slight  "  SS.'s."  The  decrease  could 
best  be  represented  by  a  straight  line. 

Min.  241  2138  [1892  Feb.  9]  at  10H.4 ;  10  observations. 
Since  the  variable  was  not  observed  between- 241 2119  and 
241  2162,  the  date  of  minimum  is  somewhat  doubtful.  If 
the  date  is  in  error  at  all,  it  is  probably  too  late.  Obser- 
vations extended  from  241  2037  at  8*0  to  241 2166  at  8".0. 

Max.  2412336  [1892  Aug.  25]  at  5M.4 ;  22  observations. 


All  observations  above  6*.6  were  made  by  Mr.  T.  E.  Powe. 
During  the  increase  there  was  one  prominent  "  SS."     Ob- 
servations extend  from  2  11  2175  at  7\5  to  241  2400  at  7". 5. 
Min.  2412515  [1893  Feb.  20]  at  9».7 ;  6  observations. 

Doth  date  and  magnitude  are  uncertain,  for  only  one  obser- 
vation was  made  on  the  increase.  As  with  the  previous 
minimum,  the  date  cannot  well  be  later. 

Min.  2412875  [1894  Feb.  15];  12  observations,  from 
241  2785  at  7*5  to  2412955  at  7*6. 

H  Cassiopeae. 

The  character  of  the  light-curve,  so  far  as  these  obser- 
vations extend,  is  the  same  for  successive  maxima.  The 
increase  is  slightly  concave;  the  decrease  is  more  gradual, 
and  slightly  convex.  Each  maximum  presents  the  appear- 
ance of  a  blunted  cusp  of  slight  curvature. 

Max.  2411735  [1S91  Jan.  2]  at  6". 2  ;  17  observations, 
from  241 1570  at  12".2  to  2411816  at  7*.0. 

Min.  2412005  [1891  Sept.  29]  at  11".2;  15  observations, 
from  241 1921  at  9*5  to  241  2097  at  951.0. 

Max.  2412164  [1892  March  6]  at  5".4;  18  observations, 
from  2412117  at  8*0  to  2412308  at  8*0. 

Min.  2412436  [1892  Dec.  3]  at  11".  1;  13  observations, 
from  2412327  at  8".5  to  241  2495  at  10*.0. 

Min.  2412841  [1894  Jan.  12]  at  11\5;  16  observations, 
from  2412710  at  8*3  to  2412978  at  8*.5. 

/"   (  'ii.i.ilnjirtii?. 

Min.  2412960  [1894  May  11]  at  approximately  11*.0 ; 
19  observations.  The  decrease  was  rapid  until  about  10M.5, 
when  the  variable  began  to  change  very  slowly.  It  took  it 
more  than  150  days  to  pass  through  the  remaining  half- 
magnitude.     The  increase  was  very  rapid. 

V  Persei. 
Max.  2412951  [1894  May  2]    at  8*5  ;    8  observations. 
The  curve  was  very  flat   at   maximum,  which  makes  the 
above  date  approximate.     Observations  began  241 2S45  at 
9".0,  and  ended  2413026  at  9».4. 

o  Ceti. 
Min.  2412785  [1893  Nov.  17]  at  9*0  ;  15  observations, 
from  241  2746  at  8M.6  to  241 2837  at  8*.0. 

1279  —  Camelopardalis. 
In  No.  296  of  this  Journal,  I  published  the  results  from 
18  months'  observations  of  this  star.  Since  there  were  no 
changes  in  the  brightness  that  could  not  be  accounted  for 
by  the  great  redness,  I  concluded  the  star  was  not  variable. 
In  the  autumn  of  1893  the  star  was  again  placed  under  ob- 
servation. Slight  changes  were  noticed  independently  by 
both  Mr.  Wendell  with  the  East  Equatorial,  and  by  my- 
self with  the  West  Equatorial.     But  the  first  decided  vari- 
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ation  that  I  have  observed  occurred  in  the  spring  of  1894. 
There  was  a  slight  minimum  on  about  241  2922  [1894  April 

3]  at  8*.2,  a  decrease  of  about  half  a  magnitude  from  the 
usual  brightness.  Since  the  variability  of  this  star  is  in 
dispute,  and  since  there  is  very  properly  a  tendency  to 
ascribe  all  announcements  of  variations  to  errors  caused  by 
redness.  I  will  give  the  observations  for  this  minimum  in 
detail. 


J.D. 


Date 


Magn. 


.1.1). 


Date 


Magn 


2412841 1894  Jan.  12     7.7.2      241  2918  1894Mar.30     8.05 


2 1 1  2858 

<;     Jan.  29 

7.7ii 

2412921 

"     Apr.    2 

S.2S 

24 1 2892 

•■      Mar.   4 

7.(17 

241  2'.  145 

"     Apr.  26 

8.07 

241 2907 

•'      .Mar.  Ill 

7.69 

241  2951 

«     May    2 

8.26 

241  2912 

••     Mar.24 

7.85 

2412971 

••     May  22 

7.86 

2412915 

••     Mar.27 

8.14 

2413017 

"     July   7 

7.66 

S  Camelopardalis. 

Max.  2412916  [1894  March  28]  at  8*.3  ;  4  observations, 
from  241 2890  at  8".9  to  241  2905  at  8».9. 

S  <  'anis  Minoris. 
Max.  2412871  [1894  Feb.  11]  at  7*.9;  12  observations. 

The  increase  and  decrease  were  both  rapid,  and  so  far  as  ob- 
served, at  about  the  same  rate.  Observations  extended 
from  241  2755  at  ll*.l  to  241  2950  at  9M.3. 

_K  Leonis. 
Min.  2412811  [1893  Dec.  13]  at  10*.2;  7  observations, 
from  241  2753  at  8M.4  to  2412848  at  9*.5.     The  curve  was 
very  regular. 

V  Leonis. 
Max.  2412915  [1894  March  27]  at  8M.2;  8  observations. 
Time  of  maximum  uncertain.     The  variable  was  first  seen 
ob  2412891  at  9M.3,  and  last  seen  on  241297G  at  12*0. 

UBootis. 
Six  observations  indicate  a  maximum  at  241291G  [1894 


March   28]  at  about  9X.       Observations  from  2412854  to 
2412958  at  10*.5. 

11  HercvMs. 

Max.  241  2916  [1894  March  28]  at  8*.3  :  1.".  observations. 
So  far  as  observed  the  increase  and  decrease  were  at  the 
same  rate,  and  very  regular.  Observations  commenced  at 
2412890  at  9*2.  The  last  observation  reduced  was  on 
2412984  at  10*.3. 

X  Scorpii. 

Max.  2412928  [1894  April  9]  at  9M.9  ;  5  observations. 
There  are  not  enough  observations  to  give  the  time  of  max- 
mum  with  precision.  Since  the  computed  time  was  54 
days  too  late  [the  variable  was  then  below  the  12*.0]  the 
maximum  will  serve  as  a  rough  correction  to  the  elements. 
First  observation  on  241  2892  at  11*. 5  ;  last  observation  on 
2412976  at  11M.7. 

X  £>/!/"<■ 
.Max.  241  2777.:.  [1893  Nov.  9]  at  4". 9 ;  23  observations. 
The  observations  were  made  as  numerous,  and  with  as 
much  care  as  possible,  in  order  to  compare  them  with  those 
made  b}*  photometer  R.  with  the  East  Equatorial  (15-inch 
aperture),  to  determine  whether  or  not  slight  irregularities 
exist  in  the  light-curve  at  maximum.  No  irregularities, 
however,  were  established.  This  series  of  observations  has 
a  mean  deviation  from  its  own  light-curve  of  ±0*.06.  Ob- 
served light-curve  extends  from  241  2751  at  .V'.'.i  to 241  2848 
at  7*.3. 

U  Cygni. 

Max.  241  2849  [1894  Jan.  20]  at  8M.5;  15  observations 
There  is  a  break  in  the  series  of  observations  of  about  71 » 
days,  commencing  at  the  above  date  of  maximum.  If  the 
light-curve  is  regular,  this  will  not  materially  affect  the 
time  of  maximum.  But,  even  if  there  were  a  sudden  rise 
during  this  interval  of  no  observation,  the  computed  time 
of  maximum  must  be  at  least  40  days  too  late.  Observa- 
tions extended  from  241  2557  at  9».5  to  2412985  at  9*.6. 


ELEMENTS  OF  TILE  POLAR  MOTION  FROM  ALL  PUBLISHED  OBSERVATIONS. 

FROM   1889.0-1894.5, 

By  S.  C.  CHANDLER. 


Since  the  article  in  A.J.  329  was  printed.  Prof.  Al- 
brecht's  Report  prepared  for  the  Internationa]  Geodetic 
Association  has  been  received,  giving  the  results  of  hither- 
to unpublished  observations,  including  series  at  Kasaii  and 
Karlsruhe,  by  Talcott's  method,  and  the  continuation  of 
those  at  Strassburg  and  Bethlehem.  In  view  of  these  im- 
portant accessions  I  have  thought  it  desirable  to  make  a 
determination  of  the  elements  of  the  polar  motion  from  all 


the  available   material.     A  brief  account  of  the   results  is 
here  submitted. 

The  fourteen-months'  term,  according  to  the  first  term 
of  eq.  (57),  was  subtracted  from  the  observed  latitudes  for 
all  the  series,  as  given  in  the  report  mentioned.  The  con- 
stants /-._,  and  G'  were  then  found,  from  the  whole  series  at 
each  station,  as  given  in  columns  3  and  5  in  the  follow- 
ing table  : 
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1 

2 

3 

4 

5              6 

7 

8 

9                 10 

n 

12               18 

»•■> 

G' 

!■;   Sill    G1 

r»  cos  G' 

Circular  Hypothesis 

Siation 

A 

o 

C 

O 

c 

O 

C 

O 

C 

\vt. 

?-^  sin  G' 

)'2  COS  '. " 

Kasan 

-   49T 

0.073 

0.110 

385  5 

373°.7 

+0.032 

+  0.026 

+  0.066 

+  0.1O7 

7 

+0.036 

+  0.080 

1'ulkow  a 

30.3 

.077 

.104 

364.8 

366.6 

+ 

.(H»7 

+   .012 

+   .077 

+   .103 

12 

+  .008 

+  .087 

\  Lenna 

16.4 

1   .048) 

.093 

,:;o6.S) 

360.6 

c- 

.038) 

+  .001 

(+  .029) 

+   .093 

0 

-  .013 

+   .086 

Prague 

14.1 

.072 

.091 

371.4 

359  1 

+ 

.014 

-   .001 

+   .070 

+   .091 

10 

-  .016 

+   .086 

Berlin 

13.5 

.104 

.090 

367.0 

358.7 

+ 

.013 

-   .002 

+   .104 

+  .091 

13 

-   .017 

+  .085 

Potsdam 

13.1 

.072 

.090 

332.0 

358.7 

— 

.032 

-   .002 

+   .064 

+   .090 

4 

-   .017 

+  .085 

Karlsruhe 

8.4 

.072 

.084 

367.3 

355.9 

+ 

.009 

-    .006 

+   .072 

+   .084 

6 

-   .025 

+  .084 

Strassburg 

-      7.8 

.119 

.084 

354.5 

355.9 

— 

.011 

-   .006 

+   .119 

+   .osl 

15 

-  .026 

+   .083 

Bethlehem 

+   75.4 

.076 

.073 

231.6 

219.4 

— 

.059 

-   .046 

-   .047 

-   .056 

10 

-   .086 

-   .016 

Rockville 

77.1 

.158 

.075 

199.6 

218.0 

— 

.053 

—   .046 

-   .149 

-  .059 

4 

-   .085 

-   .018 

San  Francisco 

122.1) 

.111 

.109 

166.5 

196.4 

+ 

.026 

-   .031 

-   .108 

-   .105 

4 

-   .047 

-   .074 

Waikiki  (M) 

157.S 

.114 

.098 

171.2 

182.9 

+ 

.017 

-   .005 

-   .112 

-   .098 

4 

+   .004 

-   .087 

\\  aikiki  (P) 

+  157.8 

0.134 

(l.l)'.IS 

185.5 

182.9 

-0.013 

-0.005 

-0.133 

-0.098 

4 

+  0.004 

-0.087 

The  corresponding  values  of  r„  sin  G'  and  >•,  cos  G'  are 
given  in  columns  7  and  9,  and  their  weights  in  column  11. 
These  weights  have  been  slightly  modified  from  the  com- 
puted values,  and  those  for  Strassburg,  Berlin  and  Pulkowa, 
augmented  to  correspond  to  their  presumed  greater  intrin- 
sic precision.  Usingcolumns  7  and  9  as  the  absolute  terms 
in  the  equations 

+  /j.sini—  v  cos  I   =   r.,oosG' 
—  fi'  sin ).  +  v'  cos  I   =   r2  sin  G' 

where  /x   =   mshiM         r   =    n  sin  X 

//  =   m  cos  M         v   =    n  ci  is  A7 

(see  Sections  2  and  5,  A.J.  329),  we  find 

m   =   0".0894         M  =   299°.9 
n  =  0  .0750  X  =   260  .4 

whence  we  derive  the  elements  of  the  ellipse 

a  =  0".22 

b  =  0  .08 

co  =  50D.7 

L  =  12.2  and  192°.2 

T  =  April  3  and  Oct.  2 

Comparing  these  with  section  1,  A.J.  329,  we  find  an 
essential  agreement,  except  in  the  major  axis;  even  this 
difference  will  cause  no  surprise,  considering  the  delicacy 
of  the  problem. 

The  corresponding  computed  values  are  given  in  columns 
4,  6,  8  and  10.     For  the  latitude-variation  we  have,       (58) 

9-»a  =    -0".16  cos  [;.+  (t- 241 1790)  0°.S5] 

-0".075  cos  I  cos(O-350°)+0".09  sin?,  sin  (0-300°) 

which  perhaps  deserves  preference  over  eq.  (57),  from  the 
ampler  basis  of  observation  on  which  it  rests. 

For  the  last  two  terms  of  this  equation  we  may  substi- 
tute 

—  r2  cos  (q  —  G') 

using  the  constants  found  from 

r..  sin  G>  =    -0".045  sin  I  -0".012  cos?. 
,-',  cos  G>  =    -0  .078  sin*  +0  .074  cos1. 

as  explained  in  section  5,  A.J.  329. 


A  comparison  of  this  formula  with  the  individual  series 
gives  an  accordance  eminently  satisfactory  throughout. 
This  is  illustrated  by  the  accompanying  chart.  To  show  how 
slight  are  the  symptoms  of  any  systematic  departure  from 
the  law,  I  give  below  the  mean  values  of  the  differences,  for 
normal  dates  50  days  apart,  from  the  mean  of  the  eight 
European  series.  The  first  column  is  the  Julian  date  dimin- 
ished by  241  0000  ;  the  second  is  the  mean  value  of  O  — C 
in  hundredths  of  seconds;  the  third  is  the  number  of  the 
series  on  which  each  is  based. 


1100 

+  3 

3 

177.0 

■> 

3 

2100 

0 

4 

1150 

-4 

3 

1800 

+  1 

3 

2450 

-3 

5 

1  21  ii  i 

-1 

3 

1850 

+  3 

3 

2500 

-1 

5 

1250 

-1 

3 

1900 

+  1 

3 

2550 

+  3 

5 

1300 

+  1 

o 

o 

1950 

+  1 

4 

2600 

+  2 

5 

1350 

-5 

o 
O 

2000 

+  3 

4 

1-67,0 

-4 

5 

1400 

—  7 

o 
O 

2050 

+  3 

4 

2700 

0 

4 

1450 

-4 

3 

2100 

0 

4 

2750 

-1 

4 

17)00 

0 

3 

2150 

+  4 

4 

2800 

-1 

4 

1550 

—  2 

3 

2200 

+  2 

4 

2850 

-1 

o 
O 

1600 

-3 

3 

2250 

0 

4 

2000 

+  2 

3 

1650 

-5 

3 

2300 

-3 

3 

2950 

0 

3 

1700 

—  2 

3 

2350 

-1 

3 

3000 

+  1 

3 

The  mean  deviation  is  ±0".022,  which  is  the  combined 
effect  of  the  error  of  the  formula  and  of  the  mean  of  from 
3  to  5  series.  It  appears  to  be  a  legitimate  and  conserva- 
tive inference  that  the  numerical  theory  follows  the  phe- 
nomenon throughout  its  whole  observed  course  closer  than 
any  individual  series  of  observations  can  do.  We  are  also 
warranted  in  relying  with  considerable  confidence  upon  pre- 
diction as  to  its  future  course,  based  on  this  theory. 

On  the  hypothesis  of  circular  motion  we  shall  find  thai 
the  values  which  best  satisfy  the  observations  are, 

n,  =  0°.087  G'  =  335°.0  -  I 
whence  we  find  columns  12  and  13  of  the  table.  If,  with 
the  values  of  I  in  column  2  as  abscissas,  we  plot  columns 
7,  8  and  12  on  one  chart,  and  columns  9,  10  and  13  on 
another,  we  shall  have  a  convenient  means  of  examining 
the  necessity  for  the  hypothesis  of  eccentric  motion.     This 
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OBSERVED    VARIATIONS    OF    LATITUDE    AND    COMPARISON    WITH    THEORY,    EQ.  (58) 
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will  principally  be  manifest  by  the  large  outstanding  devi- 
ations, on  both  plots,  of  the  points  for  Bethlehem,  Rockville 
ami  San  Francisco.  Any  othervalues  of  /■.and  G'}  computed 
mi  a  circular  hypothesis,  which  will  reconcile  these  on 
inie  chart,  will  give  still  greater  discordances  for  them  on 
the  other.  Indeed  it  may  be  remarked  that  the  insufficiency 
oi  the  hypothesis  of  a  circular  annual  motion  is  virtually 
recognized  in  the  endeavor  made  by  Prof .  Axbeecht  to 
obtain  a  better  representation  of  the  American  observal  ions. 
by  altering  arbitrarily  the  coefficient  /•._.  in  eq.  (52).  Such 
empirical  alterations,  if  consistently  carried  out  by  chang- 
ing simultaneously  /-.and  fi'.  will  in  effect  approximate  to 
the  values  in  columns  4  and  6,  which  correspond  to  the 
elliptic  motion. 

It  is  of  interest  to  note  that  the  observations  between  the 
middle  of  18114  and  of  1895,  in  Europe  and  on  the  eastern 
coasl  nt  the  1'nited  States,  will  furnish  a  crucial  test  of  the 
reality  of  this  elliptical  motion.     Thus  by  the  chart   in  no. 


329,  or  the  slightly  different  one  drawn  by  means  i 
efficients  given  in  the  present  article,  the  variations  of  lat- 
itude   near   the    l'lerlin    meridian,  for   the   first    hall'   of  this 
interval,  will  be  almost  imperceptible,  bhe  latitude  remain- 
ing a  very  few  hundredths  of  a  second  below  the  normal ; 

while  at  1' .iitii's  station  and  at   Columbia  College  it 

will  increase  by  a  quarter  of  a  second  in  the  same  time. 
For  the  last  half,  from  January  to  August  1895,  latil 
near  Berlin  will  increase  about  an  eighth  of  a  second,  while 
decreasing  at  these  American  stations  li\  nearly  double 
that  amount.  In  general,  during  the  next  three  or  four 
years,  the  variations  near  the  Washington  meridian  will  be 
considerably  larger  than  those  in  middle  Europe.  In  fact 
the  ,-ourse  of  the  curve  of  polar  motion  in  the  immediate 
future  will  be  a  series  of  gradually  enlarging  elliptical 
figures,  whose  Longer  dimensions  will  be  directed  nearly  at 
right  angles  to  those  lor  the  past  few  years,  depicted  01 
chart  in  no.  Ml".!. 


NEW    ASTEROIDS. 

Prof.  KurK'iEi;  communicates  tin'  discovery  of  two  more  small  planets  by  Prof.  Wolf  at  Heidelberg 

li       in  li        m       s  o         i 

BJD      12*       Nov.  1     9  15  Heidelberg  M.T.         a  =  2  26  24,     S  =    +]o  12. 

2  Id     (i  "  "  2  25     4.  LO     8. 

BE       IP       Nov.  1     9  15  "  "  a  =  2  38  48,     8  =    +   8     8. 

2   in     0  "  "  2  38     0,  7  :;:;. 

A  Paris  observation  gives  the  position 

Nov.  1    12*  23ra.4  Paris  M.T. 
thus  confirming  the   hum-   southward   motion. 


Daily  motion, 

K  li 

Daily  motion. 


l,s-  in  ,-/.  -  :;'  in  a 

14"  in  c.  —15'  in  8 
L8  -32' 


a  =  2"  36'"  43",         8  =    +6°  30'.6 


TRANSIT   OF   MERCURY,   1894  NOVEMBER  10 

Prof.  •'.  A.  Young,  of  Prinseton,  N.J..  sends  the  follow- 
ing communication: 


The  ingress  was  observed  here  by  myself  at  the  Halsted  Observa- 
tory, ami  by  Prof.  Reed  at  the  observatory  of  the  School  of  Science. 
At  the  Ealsted  Observatorj  tin1  instrument  was  the  23-inch  equato- 
rial, full  aperture,  with  a  polarizing  helioscope  and  magnifying  power 

of  360.  Prof.  Reed  had  tin-  '."..-inch  equatorial,  with  a  polarizing 
helioscope  and  a  magnifying  power  of  155. 

Both  observers  used  the  sidereal  clock  of  the  S.  S.  Observatory, 
which  is  in  electrical  connection  with  the  Halsted.  I  took  the  time 
from  the  beats  of  a  magnet  actuated  by  the  clock-circuit,  an  assistant 
aiding  me  by  giving  the  minutes  and  the  even  ten  seconds  (10,  20,  etc.) 
in  a  loud  voice.  Mr.  Re  ED  used  the  chronograph,  which  explains 
the  fractions  of  a  second  in  his  time-records. 

The  error  of  the  clock  was  satisfactorily  determined  by  a  set  of 
star-transits  the  same  evening. 

The  geodi  tic  latitude  of  the  s.  s.  i  (bservatorv  is  40=  20'  54".0  and 
its  geodetic  longitude  is' 4h  58m  ::7'.  l  west  of  Greenwich.  The  Hal- 
sted observatory  is  2"  south,  and  l'.OS  west  of  the  other. 

At  the  time  of  observation  it  was  just  clearing  up  after  a  storm  : 
the  temperature  was42°F.,  a  northwest  breeze  was  blowing, and  the 
sky  was  full  of  flying  clouds,  mostly  thin,  and  with  some  clear  spaces 
between  them.  The  "  seeing  "  was  very  bad.  so  that  one  could  hardly 
make  out  the  granulations  of  the  solar  surface,  while  the  sun's  limb 
was  undulating  and  rather  ill  defined. 

My  own  observations  were  as  follows,  the  sidereal  clock-times  being 
reduced  to  Eastern  standard  times,  five  hours  slow  of  Greenwich. 


At  22h  56™  35"  1  suspected  a  sort  of  "hardening"  of  the  sun's 
limb  close  to  the  expected  point  of  contact,  but  jnsl  at  that  moment 
a  wisp  of  cloud  blew  across,  obscuring  it  for  four  seconds:  as  soon 
as  it  brightened  up  at  o6m  ;)'.<  the  thing  was  unmistakable,  and  at 
".''.  1 1  the  notch  was  conspicuous.  The  advance  of  the  planet  sur- 
prised me  by  its  rapidity;  at  .".S"  16"  a  large  "black-drop"  began  to 
form;  at  58n  18!  I  noted  "geometrical  contact":  and  al  58ra  22 
light  broke  quiveringly  across  the  dark  ligament,  and  became  steady 
within  the  next  second. 

Prof.  Reed's  observations  follow.  According  to  the  chronograph- 
record  of  the  external  contact  lie  first  saw  the  "  notch"  at  22  56 
tn-.l.  when  it  had  already  become  obvious;  so  that  lie  marked  the 
observation  as  " probably  a  second  late."  For  the  internal  contact 
he  noted  "  Possibly  up  to  geometrical  contact,"  at  58m  20".3  :  "  Cer- 
tainly up  io  geometrical  contact."  at  58™  24s.9  :  and  "End  of  black 
drop,"  at  58'    30s.5. 

At  the  time  of  egress  the  sun  was  wholly  obscured,  though  about 
three  minutes  before,  and  five  minutes  after,  it  shone  through  tin- 
clouds. 

While  the  planet  was  on  the  sun  the  sky  was  mostly  overcast,  so 
that  no  spectroscopic  observations  or  micrometrical  measurements 
were  attempted.  Xo  bright  spot  was  seen  on  the  planet's  disc,  nor  any 
circle  of  light  around  it. 

As  to  the  peculiar  ••hardening"  of  the  ,nn'<  limb  just  before  the 
external  contact,  a  phenomenon  which  I  have  now  observed  f< 
it  may  lie  due  to  the  plaint's  obscuration  of  the  brightest  part  of  the 
chromosphere   close    to   the  disc  of  the  sun,  or  to  some  diffrai 
effect  at  the  limb  of  the  planet;  I  cannot  doubt  its  reality. 
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Oba. 
C.A.Y. 

C.A.T. 
C.A.T. 
C.A.Y. 
C.A.Y. 

T.K. 
T.K. 
T.K. 
T.R. 


Contact 
I  Ext. 

I  Ext. 

I  Ext. 
II  Int. 
II  Int. 

I  Ext. 
II  Int. 
II  Int. 
II  Int. 


Bed. to  Cen. 

Phase 

Observed 

of  Earth 

First  suspected  "hardening' 

ll       111       s 

111       8 

of  limb, 

22  56  S5 

56  42.(1 

Sure  contact, 

39 

16.6 

Notch  conspicuous, 

44 

51.6 

( icomi'trii'al  contact, 

22  58   18 

58  25.5 

Light  broke  through  black  liga- 

ment, 

22 

29.5 

Notch  obvious:  probably  a 

ll         111        8 

ill      8 

second  late, 

21'  56  jr..  l 

56  53.6 

Possibly  up  to  geometrical 

contact, 

22  58  20.3 

58  27.5 

Certainly  up  to  geometrical 

contact. 

24.9 

32.4 

End  of  black  drop, 

30.5 

38.0 

Prof.  D.  P.  Todd,  of  Amherst,  Mass.,  writes  that  obser- 
vations of  the  contact  were  prevented  there  by  the  weather. 
There  were,  however,  intervals  of  clear  sky,  during  which 
the  sun  was  unobscured  for  a  short  time.     He  says : 

'■  The  planet  appeared  perfectly  circular,  sharply  defined  about  the 
limb,  unattended  by  any  halo  or  atmospheric  ring,  and  of  the  same 
color  as  the  umbrae  of  the  spots  on  the  sun.  No  attendant  satellite 
of  Mercury  was  seen,  nor  could  any  bright  spot  be  discerned  upon 
the  planet's  dark  disk,  although  intently  looked  for.  Any  satellite 
smaller  than  100  miles  in  diameter  would  have  escaped  detection." 

Rev.  George  M.  Searle,  OS. P.,  writes : 

"I  was  so  fortunate  as  to  obtain  both  contacts,  — the  second  one 
particularly  well,  —  being  the  only  observer  at  Washington  who  got 
it,  I  believe  ;  clouds  preventing  elsewhere.     My  times  are 


First  external  contact, 
First  internal  contact. 
Second  internal  contact, 
Half  out, 
Second  external  contact, 


Eastern  Standard  Time 

ll        111        8 

22  57     2 

58  12 

4  11   20 

12  10 

12  55 


Position  of  observatory,  latitude  38°  56'  15",  longitude  77°  0'  0". 
The  observation  of  first  external  contact  was  no  doubt  considerably 


late;  all  the  others  were,  I  think,  good.  The  estimate  of  "half  out" 
seems  to  work  well.  As  1  called  the  moments  to  the  recorder,  there 
was  no  prejudice  as  to  when  they  ought  to  be." 

Rev.  J.  G.  Hagen,  S.J.,  at  the  Georgetown  College  Ob- 
servatory, says  : 

"  The  instrument  used  for  the  observations  was  the  12-inch  refrac- 
tor, with  its  full  aperture.  The  focus  is  15  feet,  and  the  power  em- 
ployed was  100.  The  contacts  were  recorded  on  the  chronograph. 
The  following  are  the  results,  in  Greenwich  mean  time: 

ll        111        8 

First  contact,      15  50  55.5,     (notch  plainly  visible). 
Second  contact,         58     9.1     (geometrical  contact). 

The  third  and  fourth  contacts  were  lost  by  clouds." 

Dr.  Charles  Lane  Poor  communicates  the  results  of 
observations  at  the  Johns  Hopkins  Observatory  in  Balti- 
more, with  the  10-inch  equatorial,  and  3-inch  finder. 

The  focal  length  of  equatorial  is  142  inches,  and  a  power  95  was 

used,    higher   ones   proving  unsatisfactory.      The   clock-corrections 

were  deduced  from  observations  on  nights  between  Nov.  2  and  15, 

some  within  a  few  hours   after  egress;  the   adopted   values   being 

— 44.48  for  the  second  contact,  and  — 44'.68  for  the  third. 

The  results  are  (E.  St.  T.  =  Greenw.  M.T.  — 5h  0m.) 

Contact 

II 

III 


IV 


The  letters  E  and  F  denote  respectively  the  equatorial  and  the 
finder.  The  first  contact  was  lost.  Definition  poor,  except  at  second 
contact.  The  probable  error  for  second  and  fourth  contacts  he  esti- 
mates as  ±10s.  Observation  (a)  is  for  the  last  moment  of  light  be- 
tween the  discs,  and  (b)  for  perfect  contact. 

The  position  of  the  observatory  is     5'1  6"'  20s,  +39°  17'  48". 


Observer 

Instrument 

Chronograph        Eastern  St.  Time 

h      in      s 

li       in    s 

Jewktt, 

F 

14   12     4.1 

10  58  35.1 

Poor, 

E 

0.1 

37.1 

Poor, 

E 

19  25  12.1  (a) 

4  10  51.6 

C'Lt'TZ, 

F 

13.0 

52.5 

Poor, 

E 

17.2  (b) 

56.7 

Poor. 

E 

19  27  10.8 

4  12  50.0 

Gltjtz, 

F 

12.0 

51.2 

COMET  e  1894. 

Prof.  Lewis  Swift  telegraphs  from  Lowe  Observatory,  Echo  Mountain,  California,  that  a  comet  was  discovered 
there  by  Edward  Swift,  on  Nov.  20,  at  8h  30m  p.m.,  in  right-ascension  22h  18m  25s,  declination  —13°  V.  It  had  a 
short  tail,  was  moving  slowly  east,  and  was  very  faint. 


ANNOUNCEMENT  AS   TO   TWO   TELESCOPIC   VARIABLES. 


Rev.  T.  E.  Espin  of  Wolsingham,  England,  announces  "that    the 
variability  of  two  red  stars,  whose  positions  (1900)  are 

01'  49'". 0     +5S°  1'     and     lh  49m.8     +58°  46' 
has  been  definitively  ascertained." 

The  first  of  these  is  (294)  — Cassiopeae,  in   the   "unconfirmed" 


list  of  Chandler's  Second  Catalogue.  The  second,  if  the  position 
is  correctly  given,  is  IP  following  and  4'  north  of  DM.  58°334.  It  is 
also  worth  noting,  that  DuNEB  gives  DM.  58°342,  lh  51m  34s,  +58  47' 
(1900.0)  as  a  red  star  of  the  type  III  a ! .  It  is  possible  that  Mr.  Espin' s 
star  may  be  identical  with  one  of  these  objects.  —  Ed. 


CORRIGENDUM. 

No.  329,  p.  136,  Notice,  col.  2,  line  — 2,    for    twenty-fourth    jiut     thirty-fourth. 


CONTEXTS. 
Observations  of  Variable  Stars,  bv  Mr.  Wm.  Maxwell  Peed. 

Elements  of  the  Polar  Motion  from  all  Published  Observations  from  1889.0-1894.5,  by  Dr.  S.  C.  Chandler. 
New  Asteroids. 

Transit  of  Mercury,  1S94  November  10. 
Comet  d  1894. 
Announcement  as  to  Two  Telescopic  Variables. 

t  OKKI'.I.NDUM. 

rcitLisHKD  in  Boston,  semi-monthly,  by  li.  A.  Gould.     Addkess.  Cambridge.  Mas*-    I'iuce,  Si.oo  tuk  Volume.     Press  of  Thos.  P.  Nichols,  Lynn,  Mass. 

Entered  at  the  Post  Office,  at  Boston.  Mass..  as  secomi-class  matter.        Closed,  November  21. 


THE 


ASTRONOMICAL    JOURNAL. 


No.  331. 


VOL.  XIV. 


BOSTON,     1894    DECEMBER     lO. 


NO.  19. 


THE   ORBIT   OF   DE1MOS, 

By  WALTEB  v  HAESHMAN,  Assistant,  American  Ephemeris. 


Tin-  determination  of  the  orbit  of  this  satellite  is  based 
upon  the  Washington  observations  of  1.892,  published  in 
this  Journal.  Vol.  XII,  page  185,  with  a  correction  in 
Vol.  XIII.  page  is. 

In  the  series  of  observations  given  below,  the  time  has 


been  corrected  for  aberration.  When  the  difference  be- 
tween the  times  of  observing  the  position-angle  and  the 
distance  does  not  exceed  two  minutes,  the  mean  of  the 
times  is  given,  and  the  proper  corrections  have  been  ap- 
plied to  the  observations,  to  reduce  them  to  that  moment. 


<  Observations. 


Washin 

?ton  M.T. 

Aberra- 
tion 

/' 

s 

Washington  M.T. 

Aberra- 
tion 

V 

s 

h       m 

m 

o 

n 

b       in 

in 

o 

It 

L892  July 

11    12    II- 

3  I 

94.91 

72.1"! 

1892  Aug.    11   li>  59.9 

3.2 

84.27 

16  12     9.8 

3.4 

268.44 

12  10  33.1 

3.2 

109.63 

53.19 

16  12  38  l 

3  4 

80.08 

13     9  42.7 

3.2 

261.63 

65.37 

is  I-  55.4 

3.3 

7.1.74 

14    10  40.0 

3.2 

278.05 

81.45 

18   13   11.4 

3.3 

60.20 

16  10  10.0 

3.2 

91.12 

83.59 

19   12     7.:. 

3.3 

102.71 

60.04 

17   11  36.2 

3.2 

109.20 

51.24 

23  11     9.5 

3.2 

86.85 

81.76 

18     '.)  42.8 

3.2 

200.41 

75.82 

31   11   49.8 

3.2 

283.74 

65.66 

19  10  31.3 

3.2 

283.47 

70.05 

Aug. 

2   1 1   59.9 

:;.l 

92.66 

84.30 

23     9    12.9 

3.3 

270.46 

5   12  59.5 

3.1 

284.33 

6S.46 

23     9  52.5 

3.3 

78.08 

'.i   11    10.9 

3J 

272.H7 

86.44 

28     9  32.2 

3.4 

275.27 

79.89 

11  10  36.4 

3.2 

78.75 

In  this  paper  I  have  used  the  following  notation: 

P  =  Position-angle  of  satellite  when  in  superior  con- 
junction. 

V  =  Angular  distance  of  satellite  from  node  when  in 
superior  conjunction. 

B  =  Angle  between  plane  of  orbit  of  satellite  and  line 
from  observer  to  planet. 

X  =  Ascending  node  of  orbit  of  satellite  on  Equa- 
tor. 

J  =  Inclination  of  orbit  of  satellite  to  Equator. 

it  =  True  angular  distance  of  satellite  from  node. 

a ,  =  Value  of  a  in  a  circular  orbit. 

"„  =  Value  of  it,  at  the  epoch. 

e  =  Eccentricity  of  orbit  of  satellite. 

to  =  Planetocentric  angular  distance  of  pericenter  of 
satellite  from  node. 


a  =   Angle  i  in  seconds)  subtended  by  semi-axis  major  of 

orbit  of  satellite,  as  seen  al  distance  unity. 
a    —   Mean  motion  of  satellite. 
p   =   Linear  distance,  Earth  to  planet. 
/■  =   Angle  (in  seconds)  subtended  by   radius-vector  of 

satellite,  as  seen  al  distance  p. 
/,,  =    /•  when  p  is  unity. 
p   =   Position-angle  of  satellite. 

s  =   Angular   distance    (in    seconds)    of    satellite    from 
planet,  as  seen  from  Earth. 
a,S  =    Right-ascension  and  declination  of  planet. 

The  position-angle  and  distance   of   Deyrto&    were    com- 
puted by  the  following  formulas  : 

cos  /.'  cos  /'  =  cos6*  cos(a— 2V) 
cos/.'  sin  U  =  coso*  cosi7"sin(a— 2V)  +sind  sin  J 
sin  B  =  cosfi  sint/  sin(« — N~) —  sintf  cosJ 

(145) 
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coaJisml'  =  —  sin./  (mis  («—  X  ) 

cosB  coaP  =  cos  S  coaJ  +  sinfl  sinJ  sin  (a—  N  I 

''l  =  ro{l~  s^nr  cos  J?  cos(w—  U)}  —p 

ssin(p— P)  =  rx  sin (w—  U) 

s  cos  (p  —  P)  =  Pj  sin  2?  cos  (m—  Z7) 

Nutation,  precession  and  parallax  are  neglected.  Tin- 
coordinates  of  .!////•.•.■  were  taken  from  the  American  Epheme- 
ris. 

The  computation  was  based  on  the  following  approxi- 
mate circular  elements. 

Circular  Elements. 

Epoch  =  1892  Aug.  7.0  Gr.M.T. 

Period  =   1".2G2429 

log»  =   2.4550955 

a  =  32".354 

J  =   38=    4'.7. 

N  =  48°  14'.8 

u0  =  132M5 

A  comparison  of  the  observations  with  the  tabular  places 
gives  residuals  which  are  taken  in  the  sense,  computed 
minus  observed. 

If  we  calculate  the  differential  equations  for  correcting 
the  elements,  omitting  second  and  higher  powers  of  the 
eccentricity  of  the  orbit,  we  shall  have  the  following  : 

6s  =   A6J+  BSX  +  C8u0  +  F8a  +  G8k  +  H8h 
8p  =  A'8J+B'8N+C'8u0+  G'8k+  H'8h 
A   =  -^—  cos  B  sin  u  cos  (p  —  P) 


B  =    p^+    cos  B  amp  cos  5  cos(//  —  V) 
.  >  i . .  i 

^~  cos-  /.'  cos(m—  U)  sin  (//  —  /') 


57.3 


F  = 


G 


1C  sin  //,  —  —  ,,  cos  ", 


H  =    —  2C  cos  ux  —  ■==-,.  sin  u. 

.  >  i . .'  > 

A1  =    —cos  U  sec  li  +  -^  sin  I!  tan  B  cos  U 

—  -1  cos  /;  cos  (//—  /')  sin(p— P)  sin  U 
B1  =   —  sin  J  sin  U  sec  B  +  \  tan  B  cos  8  cos  P 

.V" 

'•l 


+  —  cos  />'  ci  is  ( //  —  V )  sin  fp  —  P)  sin  -7  cos  U 


r,- 


C  =   -L  sin  7i 

So 

<?'  =       2C'sinM, 

IP  =    -2("  cos//, 

The  following  table  gives  the  values  of  the  differential 
coefficients. 

In  the  last  column  but  one  are  given  the  residuals  found 
by  substituting  the  final  values  of  the  corrections  to  the 
elements  in  the  equations  of  condition. 

In  order  to  completely  check  the  computation,  the  tabu- . 
lar  places  were  computed  from  the  final  elliptic  elements, 
and  compared  with  the  observations.     The  last  column  be- 
low gives  these  residuals. 

The  agreement  between  the  two  sets  of  residuals  is  com- 
plete. 


Equations 

of  Condition  in  />. 

Date 

J./ 

JN 

J«„ 

K 

// 

Jj> 

Residuals 

1  892 

duly  14 

+  0.339 

+  0.338 

-0.320 

+  o.i' 10 

+  0.615 

-0.13 

-0.42 

-0.43 

16' 

-0.067 

+  0..",7O 

-0.2S1 

+  0.040 

—0.560 

-0.50 

+  0.10 

+  0.14 

18 

-0.830 

+  0.17(i 

■    -0.463 

-0.637 

+  0.072 

+  1.17 

+  0.5S 

+  0.56 

1<| 

+0.806 

+0.196 

-0.481 

+0.630 

+  0.728 

+  0.28 

+  0.21 

+  0.19 

2:; 

-0.140 

+  0.377 

-0.272 

—0.078 

+  0.539 

+  0.41 

+  0.02 

+  0.01 

31 

+  0.833 

+  0.220 

-0.436 

—0.588 

-0.043 

-0.52 

-0.03 

-0.04 

Aug.    2 

+  0.172 

+  0.392 

-0.257 

+0.090 

+  0.500 

+  0.34 

+  0.02 

+  0.O1 

5 

+  0.833 

+  0.231 

-0.413 

-0.560 

—0.606 

-1.02 

-0.57 

-0.57 

9 

+  0.061 

+  0.4O-.I 

-0.241 

—  0.030 

-0.481 

+  O.04 

+  0.54 

+  0.53 

11 

-0.449 

+  0.370 

-0.301 

—  0.250 

+  0.547 

+  O.80 

+0.34 

+  0.34 

12 

+  1.193 

+  0.052 

-0.574 

+  0.'.I4S 

+0.648 

-0.28 

-O.ol 

-0.05 

13 

-0.811 

+  0.268 

-0.427 

+  0.541 

-0.659 

-1.60 

-0.54 

-0.55 

14 

+  0.383 

+  0.376 

-0.259 

-0.195 

-0.480 

-0.90 

-0.48 

-0.49 

16 

-0.008 

+  0.416 

-0.236 

-0.004 

+  0.472 

+  0.70 

+  0.42 

+  0.41 

17 

+  1.230 

+o.o:;  7 

-0.578 

+  0.972 

+  0.624 

+  O.SS 

+  1.16 

+  1.15 

18 

-0.475 

+  0.376 

-0.307 

+0.20:; 

-0.554 

—  o.S4 

-0.05 

-0.06 

19 

+  0.739 

+  0.284 

-0.335 

-0.429 

-0.515 

-0.S7 

-0.50 

-0.50 

23 

-0.19S 

+  0.414 

-0.252 

+  0.098 

-0.494 

-0.60 

-0.01 

-0.02 

28 

+  0.086 

+  0.415 

-0.233 

-0.041 

—  0.40:; 

-1.25 

-0.77 

—0.79 
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Equations  of  Condition  in  s. 


Date 

J.i 

J.V 

Ar 

J« 

K 

h 

J.v 

Residuals 

1892 

July 

14 

+0.049 

+0.456 

+0.469 

+2.266 

-1.518 

-0.462 

+  1.30 

+  0.M 

+0.86 

16 

+0.008 

-0.157 

-0.162 

+  2.111 

+  1.415 

-0.087 

-0.00 

+0.28 

+0.2S 

L8 

+0.259 

-0.841 

-0.879 

+  1.847 

-1.993 

+  0.451 

-0.46 

-O.sl 

-0.84 

19 

+  0.221 

+  0.837 

+0.863 

+1.898 

-1.940 

-0.604 

+1.38 

+  0.40 

+  0.42 

23 

+0.007 

-0.158 

-0.165 

+  2.517 

-1.470 

+  0.119 

+0.63 

+  0.32 

+  0.32 

31 

+0.216 

+0.858 

+  (i.9(Mi 

+  2.015 

+  2.062 

+0.570 

-0.47 

-0.48 

-0.4S 

Aug. 

2 

+  0.010 

+0.206 

+  0.21S 

+  2  CI  1 

-1.529 

-0.172 

+  0.27 

-0.16 

-0.15 

5 

+0.205 

+0.845 

+  0.901 

+2.048 

+2.072 

+0.537 

-0.19 

-0.15 

-0.15 

9 

ii 

+  0.017 

+  0.O1S 

+2.644 

+  1.402 

-0.057 

-o.so 

+0.25 

+  0.25 

11 

+0.050 

-0.51  S 

-0.551 

+2.434 

—  1.6C7 

+0.569 

o 

-0.48 

-0.40 

12 

+0.346 

+0.978 

+1.056 

+1.691 

-2.2S2 

-0.404 

+  1.52 

-0.02 

0 

13 

+0.2(11 

—0.888 

—0.937 

+  1.952 

+  2.0  11 

-0.742 

—  2.21 

+  0.62 

+  0.01 

1  1 

+  0.H  11 

+0.403 

+0.431 

+2.494 

+  1.620 

+0.269 

-0.77 

—  0.22 

-0.22 

16 

+0.001 

-0.113 

-0.121 

+2.588 

-1.463 

+  0.230 

+  0.14 

-0.30 

-0.30 

17 

+  (•..",19 

+0.965 

+1.049 

+1.644 

-2.266 

-0.352 

+  1.06 

+0.36 

+0.38 

18 

+0.082 

-0.648 

—0.688 

+  2.245 

+1.736 

-0.699 

-3.10 

-0.70 

-0.77 

19 

+0.142 

+  0.712 

+  0.770 

+  2.136 

+  1.012 

+  0.411 

-o.05 

-0.7:; 

-0.72 

23 

+0.026 

-0.407 

—0.435 

+2.383 

+1.508 

-0.540 

-0.00 

+  0.00 

+0.98 

28 

-0.001 

-0.O29 

—0.031 

+  2.431 

+  1.363 

-0.181 

-1.23 

0 

o 

Below  are  given  the  normal  equations,  and  the  values  of 
/-/.   IX.  etc.  in  terms  of  tin-  absolute  quantities  in  the  nor- 
mal equations,  marked  .(,. ./.,  ete.     The  coefficients  in  brack- 
ets are  logarithms.     Since  it  was  necessary  to  make  two 
approximations.  1  derived  provisional  elliptic  elements  and 


recomputed  the  tabular  places,  thus  obtaining  a  new  set  of 
residuals.  The  columns  marked  A.  A'  are  the  absolute 
terms  in  the  normal  equations  in  the  first  and  second  ap- 
proximations respectively,  the  differential  coefficients  remain 
ing  constant.     The  observations  were  given  equal  weight. 


Normal  Equations. 


A.J 

J.V 

An 

J  a 

K 

h 

A 

^ 

+  8.1714 

+1.2428 

-  O.055.", 

+    4.2002 

+   0.7433 

+0.6064 

-  0.4521 

+0.0647 

+  1.242S 

+9.3773 

+  6.0739 

+  4.3257 

-   2.4902 

+0.0502 

+    7.0470 

-0.075  1 

-o.o.v.;; 

+6.0739 

+10.9169 

+  4.00  11 

—  3.2012 

+0.1902 

+10.1509 

-0.0275 

+4.2902 

+  4. .",257 

+   4.60  1  1 

•  96.0339 

+   4.72."s 

-2.0621 

-13.6756 

-0.9455 

+  o.74o3 

-2.4902 

-   3.2912 

+  4.7238 

+64.2035 

+  2.7315 

—33.5055 

-0.2783 

+0.6064 

+0.0502 

+   0.1902 

-  2.0621 

+"  2.7315 

+  0.0607 

+  7.9253 

+0.2428 

/./  =    -[9.13549]  4 

JX  =    +  [8.58809]  4 

l      =   -  [8.55995]  4 

la     =    +[7.801 56]. 1, 

K  =   +[6.51850]  4 

/,   =   +[8.00152]  A, 

+  [8.58809 
-[9.25249]  4 
+  [9.00724]  4 
+  [7.14854]4 
-[7.33635]  4, 
-[7.39987     i 

-[8.55995] 
+  [9.00724] 
—[9.19000] 
+  [7.69619] 
-[7.62659] 
+  [7.83528] 

J. 

J 
A. 

4 

4 

+[7.80156 
+  [7.14854] 
+[7.69619] 
-[8.04638] 

+  [7.07455] 
-[7.49369] 

4     +[6.51850],),     +[8.001 52]  A,. 
A,     -[7.33635]  A,     -[7.39987]  A,. 
Ai     -[7.62659]  4     +[7.83528]  4, 
4      +[7.07455]  J.      -[7.49369]  A,. 
4     -[8.20871]  A.     +[7.67683] 4 
4     +[7.67683]4     -[9.01314J4 

The  solution  of  the  normal  equations  gives: 

Corrections  to  Cibculab  Elements. 

JJ  =  -0°.06632  ±0°.1342 

IN  =  -0°.20O34  ±0°.1536 

JuB  =  -0°.71876  ±0°.1429 

Ja  =  +0".15478  ±0".0383 

K  =  +0°.50963  ±0°.0462 

h    =  -0°.90896  ±0°.1106 

Applying  these  corrections  to  the  assumed  circular  ele- 
ments and  correcting  the  mean  motion,  we  have: 


Pinal  Elliptic  Elements. 
Epoch  =  1892  Aug.  7.0  Gr.M.T. 
Period   =       ld.262441 
Log  n    =        2.455i  i0 10 

32".5088   ±0".0383 

,^    .,,'    -  Equator,  L892  Aug.  7. 


48°  2'.8  »" 


a   = 
J  = 
N  = 
//„  =   131°  25'.9 
e  =       0.01819    ±0.00177 
to   =   299°  16'.7    ±4°  0'.2 


The  sum  of  the  squares  of  the  residuals  derived  from 
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equations  of  condition  is  9.2742,  and  the  number  of  obser- 
vations 38,  therefore  the  probable  error  of  a  single  obser- 
vation is    ±0.363. 

J'.\  means  of  the  semi-axis  major  of  the  orbit  of  Deimos 
and  its  periodic  time,  we  now  determine  the  mass  of  Mm:*: 

Mass  of   Mars  = 


3051389   ±10785 
A  comparison  of  these  elements  with  those  derived  bj 
Prof.  Hai.i..  from  the  observations  of  1877,  shows  an  ap- 
parent motion  of  the  pericenter  of  258°   ±6°.5. 

Action   of  the  Six. 
The  secular  change  produced  by  the  action  of  the  sun 
may  be  expressed  approximately  as  follows: 

/'.,.,  -    \  a(-Vl+eos*«7] 

where  n    =  mean  motion  of  satellite 

T  =  periodic  time  of  satellite 

r„  =  periodic  time  of  planet. 

Since  r  =  L26  da ;     r0   =   687  da 

/',(.)   =  0°.4  per  year,  or  6C  in  15  years. 

Ai  ihiN   of  Phobos. 
The  ratio  of  the  mean  motions  of  the  two  satellites  shows 
the  existence    of   no  long-period  term  in  the   disturbance 
caused  by  Phobos. 

The  secular  variation  of  the  pericenter  of  Deimos  result- 
ing from  the   attraction   of  Phobos  may  be   expressed  in 
]  lowers  of  the  ratio  of  the  mean  distances, 
i  e  ) 

D,<0     —     ///,   It       ll„   —    —  //j  COS^fOj—  oo) 

h0  =       [9.8751]  a?  +  [0.1481]  a^  +  [0.3119]  <  + 

ft,   =    -[9.9720]  <  -  [0.2150]  a,6  -  .  .  .  . 
where     m,    =   mass  of  Phobos. 

e,   =  eccentricity  of  Phobos. 
Washington,  D.C. 


«j  =  ratio  of  mean  distances  of  Phobos  and  Deimos. 
to,  =   planetocentric    angular   distance    of    pericenter    of 
Phobos  from  node. 


The  proper  substitution  will  give 


D.a   = 


,.  n     0.164  -  0.080  '  cos  (o 
l  e 


: 


i 

If  we  assume  the  density  of  Phobos  to  be  equal  to  that 
of  Mars,  and  its  diameter  to  be  seven  miles,  the  maximum 
value  of      D,m     will  not  exceed  one-hundredth  of  a  d( 
in  15  years. 

An  assumption  of  a  diameter  ot  25  miles,  and  a  density 
five  times  that  of  Mm*,  with  a  ratio  of  the  eccentricities 
equal  to  10,  would  produce  in  L5  yearsachange  in  the  peri- 
center of  Deimos  not  greater  than  2°. 

A<  i  ion   of  Mars. 
If  we  consider  the  planet  Mars  to  be  composed  of  homo- 

gei us  spheroidal  shells,  the  following  formula  will  give 

the  relation  between  the  polar  compression  of  the  planet 
and  the  secular  motion  of  the  pericenter  of  the  satellite. 

D.to   =  3   r   nE 

ii- 

where  /■'   =   equatorial  radius  of  Mars. 
K  =    polar  compression  of  Mm*. 
Substituting,  we  have 

1),  oo   =   4    1 35  .E  per  day. 
Having  shown  that  the  effect  of  the  sun  and  Phobos  is 
quite  imperceptible,  an  assumption  of  a  motion  of  the  peri- 
center equal  to  2oS°  would  give  the  polar  compression  of 

Mars  equal  to 


88    ±2 


[Note. — This  paper  is  an  abstract  of  a  thesis  for  the  degree  of 
Doctor  of  Philosophy  at  the  Columbian  Univerisity,  presented  in 
June,  1894.] 


TRANSIT   OF   MERCURY,   1891  NOVEMBER  10, 


OBSERVATIONS   OF   THE   TRANSIT    OF   MERCURY,    1894  November  10. 

Bv  W.   W.   CAMPBELL. 


The  following  observations  of  the  transit  of  Mercury  on  'Saturday. 
Nov.  10,  1894.  were  made  with  the  36-inch  equatorial.  The  aperture 
was  reduced  t<>  eight  inches.  The  ingress  was  observed  with  magni- 
fying power  350,  and  the  egress  and  the  measures  with  power  270. 
The  times  arc  Standard  Pacific. 

i  ontaci  I.  19*  b7m  12s.  "  -lust  a  slight  indentation  of  sun's  disc. 
It  does  not  seem  that  contact  could  have  been  seen  5-  earlier.  Seeing 
too  poor  to  make  accurate  estimate  possible.  Xo  ring  of  light  seen 
around  the  planet  at  any  time  during  ingress,  though  carefully  looked 
for." 

Contact  II.     M,h  58'"  23s.     "Estimated  geometrical  contact,  - 
very  poor." 

Contact  II.     i  •       "First  glimpse  of  light  between    Mer- 

cury and  sun's  limb.     Seeing  very  poor,  but  the  apparent   form  of 
planet  was  clearly  pear-shape,  the  apex  pointing  towards  sun's  limb. 


It  was  intended  to  measure  distances  of  Mercury  from  the  sun's  limb, 
but  the  images  were  too  unsteady." 

Diameter  of  Mercury.    Thirty-one  double-distance  measures  of  the 
horizontal  diameter  of  the  planet  were  obtained.     They  are 


S.4S          S.49          8.64 

8.66 

.41              .40             .23 

.39 

.21              .58             .01 

.44 

.50            .52            .29 

.39 

..",4              .14 

.TO 

.33            .-Jl 

.34 

.48            .44            .54 

.47 

63            .49            .65 

Mean,     8'.468  ±  0" 

012 
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Correcting  this  for  horizontal  refraction  and  reducing  to  distance 
unity,  we  obtain  the  diameter  of  Mercury  (at  distance  unity) 
5".726  ±  0\00S, 

Tt  should  be  noted  thai  while  ordinary  planetary  diameters,  such  as 
those  of  Mars  or  Jupiter,  are  observed  too  large,  owing  to  irradia- 
tion, aberrations,  imperfect  seeing,  etc.,  the  diametei  of  Mercury  in 
transit  is  naturally  observed  too  small  from  the  same  causes. 

Search  for  Possible  Satellite.  With  apertures  Sand  15  inches  and 
power  350,  several  unsuccessful  searches  for  a  satellite  <>i'  Mercury 
were  made. 

Position  of  Mercury  on  the  sun's  disc.  Shortly  before  egress,  I 
obtained  eighteen  measures  oi  the  distance  between  the  centre  of  the 
planet  and  the  limb  of  the  sun.  Nine  were  made  with  the  fixed  wire 
tangent  to  the  sun's  limb  and  the  movable  wire  bisecting  Mi-rt 
and  nine  with  the  positions  of  the  wires  reversed.  The  eighteen 
measures  have  been  combined  Impairs  to  form  the  nine  results  below. 
The  distances  have  been  corrected  for  refraction. 


Nov. 


d   1)     in     s 

m   i    i     3 

49.50 

1  56 

44.48 

5  33 

41.11 

6     9 

37.97 

.  in  i   6  42 

34.16 

7  17 

31. 42 

7  4C, 

28.56 

8  13 

26.12 

s  41 

23.49 

l'1  10'"  io. t    "Mercury  estimated  to  be  liameter  from  third 

contact." 

lh  to1"  .">s\4  "Mercury  estimated  to  be  one-half  its  diameter  from 
third  contact." 

Contact  III.  lh  11"  :',ii. 4.  "Last  light  vanished  between  Afer- 
and  sun's  limb.  Mercury  apparently  pear-shape,  the  apex 
towards  sun's  limb." 

Contact  III.     V'  12"3.4.     "Estimated  g uetrical  contact." 

V  12'"  3.V.4.     "  Estimated  that   planet  is  -half  off.     No  ring  of 

light  seen  around  the  edge  of  planet  at  an\  time,  though  carefully 
looked  for." 

Contact  IV.     V'  13'"  11.4.     "Last  tr ■  of  Indentation  of  sun's 

limb.     Seeing  much  better  at  egress  than  at  ingress.     I  tried  to  see 

the  planet  projected  on  the  corona  after  et;iv*s.  it  was  not  visible. 
Probably  the  dark  glass  screen  used  would  make  it  invisible.  even  if 
the  planet  could  be  seen  without  the  screen." 


.1//.  Hamilton,  1894  Nov.  15. 


OBSERVATIONS    OF   TRANSIT    OF   MERCURY,    1894  NOVEMBER  9,  10. 
hade  at  the  detroit  observ  ator  v,  ann  arbor,  mil  ii. 
Local  Mean  Time. 
A.   II  m.i  .,  Jr.,  Observer. 


Nov.  10  3  35  20. 

3  36    0.5 

3  36  19. 

3  36  35. 

3  37  11. 

3  37  35. 

3  37  49. 

Nov.  10  3  36  26 

:;  37  54 


Light  all  around  Mercury 
I  light  all  around  Mercury 
Light  all  around  Mercury 
Third  contact 
Still  on  sun 
.Still  on  sun 
Fourth  contact 

C.   R.  Gillis,  Observer. 
Third  contact 

Fourth  contact 


S.    1).    Towni.f.v.    Observer. 

h     in     b 
Nov.    9  22  27  59       Mercury  on  sun's  disk  about  1%  diam.  from  limb 


Nov.  10 

3  36  2:1 

Third  contact 

3  37  40 

Surelj  touching  sun's  limb 

3  37  47 

Fourth  contact  surelj  passed 

.1.  Montgomery 

1  fbserver. 

Nov.   10 

3  36  37.:. 

Third  contact 

1  baring  up  cold,  after  rain  and  snow.  Air  unsteady,  images  poor. 
1  1 1  .in Is  at  time  of  ingress,  and  clouds  drifting  across  the  sun  all  day. 

Times  of  contact  uncertain,  and  fourth  contact  very  1 r  on  account 

of  clouds.  Mr.  Montgomery  observed  with  a  small  equatorial  be- 
longing to  the  Ann  Arbor  High  School,  mounted  about  85  feet  north, 
and  260  feet  west  of  Detroit  Observatory. 

The  instruments  used  by  the  different  observers  were  as  follows: 


A.  II.m.i..  Jr..  6.05-inch  equatorial,  focal  length  S  feet  1  inch.  mag. 
power  120. 

S.  1>.  Townley,  12'4-incli  equatorial,  cut  down  to  5.5  inches,  focal 
length  16  feel  *'4  inches,  mag.  power  160. 

C.  R.  Gili.is,  finder  121  [-inch  equatorial,  2%-inch  glass,  focal 
length  2  feet  o'._.  inches,  mag.  power  20. 

.1.  Montgomery,  4!8-incli  equatorial,  focal  length  4  feet  9  Inches, 
mag.  po\i  er  80. 


OBSERVATIONS    OF   TRANSIT   OF 

HADE   A  I    IIUI'MVIIMM    OBSERVATORY, 

Observed  by   Robert  Brown  with   the  Grubb  8-inch  equatorial 
diaphragmed  down  to  31.,  inches  and  power  50. 
Yale  Observatory  Sidereal  Time. 

h      iii 

19  3,7  26  Mi  rcury  about  2  diameters  within  sun's  disc. 

l'.i  3,s  20  Merc   <-   about  1  diameter  within  sun's  disc. 

in  39  26  Inner  contact. 

19  41  4  Mercury  gone. 

The  two  last  times  correspond  to  4"  lb    I  .7  and  i    12     12  .4  I 
em  Standard  Time  respectively. 

Sim's  edge  boiling,  so  that  contacts  were  quite  uncertain.  1  thought 
1  had  Mercury  about  4  seconds  before  "gone,"  bul  it  was  about  like 
a  tooth  on  the  edge  of  a  buzz-saw  and  easilj  lost. 


MERCURY,    1894   NOVEMBER   10. 

NEW   HAVEN,  CONS.,  NOVEMBER  26,   1894. 

Observed  by  F.  L.  Cn  ise  with  one  of  the  semi-lenses  of  theheliom- 
eter,  power  -1 1. 

Eastern  Standard  Time. 

ll        111       s 

I  11   17.">        Second  internal  contact. 

4   12  54.o  S  ■■  "'id  external  cone 

The  sky  was  cl  I  at  first  contact;  afterit  cleared.  10  - 

measure- of  the  distance  oi    Mercury  from  the  sun's  limb  wei 
lained  with  the  beliomcler.  4  by  W.  L.  El. KIN'  and  6  by  F.  L.  CuASE, 

her  with  measures  of  the  sun's  diameter. 
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MERIDIAN   OBSERVATION    OF    MERCURY,    NOYLMBLK    10,   1894,   AT   THE 

LICK    OBSERVATORY, 

l!v   R.   II.  TUCKER,  Jb. 


During  the  transit  of  Mercury  of  November  10,  the  sun 
and  planel  were  observed  with  the  meridian  circle  for  dif- 
ference of  right-ascension,  and  for  the  position  of  the  latter. 
The  observed  place  depends  upon  nadir  and  mire  readings, 
for  level,  azimuth,  and  zenith-point,  taken  before  and  after 
the  meridian  transit ;  and  upon  clock  corrections  determined 
from  B.J.  stars  on  the  eights  preceding  and  following.  Two 
clocks  were  used  to  eheek  the  rates  in  the  interval. 


The  observed     /l.'A.  is.  sun  minus  Mercury,   -f-20'.63. 
The  observed  apparent  place  of  Mercury  is 

R.A.   =    L5h  3m  33".36 ;     Decl.   =   -17°12'39".4 
Reduction  in  declination  to  center  of  Earth  =   +  lo".5. 
The  ephemeris-place  for  Mercury,  from  Am.  Eph.,  p. 396, 
is 

R.A.   =    L5h3m33'.26;     Deel.  =    -17°  12' 28".4 
for  the  longitude  of  the  Observatory  1"'  58ra  22*. 


FILAR-MICROMETER   MEASURES   OF   THE   FIFTH    SATELLITE   OF   JUPITER, 


1894  October  29. 
(Satellite  preceding) 


Standard  Pac.  Time 

h        in        s 

13  36  12 

13  39  32 

13    11  27 

i:;  42  57 

13  44  17 

13  46  .".7 

13  48  17 

13  51  12 
Mt.  Hamilton 


< lircle 

47.071 
46.987 
47.172 
47.188 
47.322 
47.253 
47.296 
47.357 
1894  Oct.  30. 


From  pr.  limb 

2 11.83 
30.67 
28.83 

2S.CS 
27.35 
28.03 
27.61 
27.00 


By  E.  E.  BARNARD. 

Circle 
47^450 
From  center  13  57    17  47.678 

Coincidence  of  threads  =  50". 084 


51.58 
52.42 
50.58 
50.43 
49.10 
49.78 
19.36 
48.75 


.Standard  Pac.  Time 

ll  III  s 

13   55    19 


Frompr.  limb     From  center 
26.07  47.82 

23.S2  45.57 


Though  the  seeing  was  fine,  the  satellite  was  excessively 
faint  and  difficult. 

In  the  reduction  of  these  measures,  an  apparent  semi- 
diameter  22". 05  has  been  used;  this  has  been  corrected  for 
phas,e  by  — 0".30  before  using.  The  planet  was  partially 
obscured  by  a  piece  of  smoked  mica. 


ON   A   NEW   VARIABLE   OF   SHORT   PERIOD. 


&  Serpentis:    a  =  I8h  10'"  4S-.3,        8  =  +0' 
By   PAUL   S.    YEXDELL. 

This  is  No.  2500  of  the  Potsdam  Photometric  Durchmus- 
terung.  In  the  note  on  page  482  of  the  First  Part  of  this 
work,  attention  is  called  to  the  marked  discordances  in  the 
measures  of  this  star,  and  its  possible  variability. 

I  began  watching  the  star  1894  August  5,  and  from  that 
date  to  November  4.  have  observed  it  about  fifty  times. 
These  observations  indicate  a  variation  of  about  0M.7,  from 
.V.u  to  5". 7,  in  a  period  of  not  far  from  8.7  days.  The 
light-curve  appears  to  resemble  in  character  that  of  @  Lyrae, 
but  the  material  at  hand  is  not  sufficient  to  make  this  cer- 
tain. I  have,  however,  adopted  the  principal  minimum  as 
the  point  of  departure,  and  would  suggest  as  provisional 
elements 


6'.9 


(1855) 


The  maxima  appear  to  follow  the  principal  minima  at 
2d.2  and  6d.2,  and  a  secondary  minimum  of  about  5". 5  inter- 
venes at  4d.3. 

Principal  minima  have  been  observed  as  follows :  the  com- 
parisons are  with  the  provisional  elements  above  offered. 


1894  August  7.6  (Greenwich  M.T.)  +  8d.7  E. 


1894  Aug.     7.40  Local  M.T. 
16.36 
Sept,     1.55 
11.37 
20.03 
29.04 
Oct.    6.32 
15.30 
Nov.    2.57 
The  comparison-stars  used  are 


w 

4 
o 

1 
4 


d  =  F.    4  Aquilae 

a  =  F.  74  Ophiuchi 

b  =  c  Serpentis 

c  =  e  Serpentis 

Dorchester,  Mass.,  1894  November  10. 


ll  111        s 

18  37  31.2 
18  13  38.2 
18  22  8.4 
18  30     9.5 


Positions  185") 
8 


=    +1  55.1 

+  3  19.1 

-2  4.1 

-0  20.1 


Mag. 

4.9 
5.1 
5.5 

6.0 


1 

O 

4 

Light 

18.3 

15.3 

10.4 

5.0 


o— c 

o.oo 

+  0.26 
-0.95 
+  0.17 
+  0.13 
+  0.44 
-0.9S 
—  0.70 
+0.17 
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ASTRONOMICAL  JOURNAL  PRIZES. 

Report  of  the  Judges. 
The  undersigned  desire  respectfully  to  recommend  that  the  Astronomical  Journal  Prize,  No.  I  —  of  $200  to  the 
observer,  a  resident  citizen  of  the   United  Stall's,  making  the    best    series    of   determinations  of  positions  of  comets 
between   1893  .March  31   and  1894    September  30  (A.J.  284  and    305)  —  be    awarded   to  Prof  J.  G.    Porter,    of   the 
Observatory  of  Cincinnati. 

They  also  have  to  report  that  the  Prize  No.  II  —of  $400  for  the  best  discussion  of  the  path  of  a  periodic  comet — 
calls  for  no  award. 

As  a  en   Hall. 
Lewis  Boss. 
1894  November.  S.  C.  Chandler. 

The  Prize  has  accordingly  been  transmitted  to  Professor  1 'outer. 


FILAR-MICROMETER   OBSERVATION'S   OF   COMET  e  1894  (E.  swift,  Nov. 20), 

MADE    WITH    Till:    12-INCH    EQUATORIAL    OF    THE    LICK    OBSERVATORY, 

l!v  E.  E.  BARNARD. 


1894  Ml.  Hamilton  M.T. 

* 

No. 
Comp. 

da 

-* 

#^'s  apparent 
a                            S 

log 
for  a 

PA 

fori) 

ll         111        s 

Nov.  21      7     3  27 

22  8     0  25 

23  7  39  35 

1 

■> 

3 

20  .  7 
12,  1 
10  ,  1 

III        s 

-1  13.44 
+  1    12.20 
+  2  29.94 

- 1 '  45.5 
-3  23.6 
+  6   18.0 

ll          111         s 

22  20  38.74 
22  23   15.48 
22  26    ll.".". 

O         t            ll 

-12  50  12.6 

-12  29     3.3 
-12     8  53. 7 

9.310 

9.346 
9.265 

0.830 
0.81  1 
0.837 

Mean  Places  for  1S94.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place  !                                       Authority 

1 

•> 

3 

ll         III        s 

22  21  49.35 
22  22  30. 27 
22  21     8.12 

+  2?83 
+  3.01 
+2.99 

-12   18  39.0 

-12  25  51.7 
-12    15   23.X 

+11.9 

+ 12.(1 
+  1.2.1 

Schjellerup  918d 
Weisse-Bessel  XXII,  433 
Weisse-Bessel  XXII.  161 

Comet  small  and  very  faint:  less  than  13".     An  indefinite  brightening  near  the  middle,  and  a  faint  trace  of  a  short  tail. 


MAXIMA  AND  MINIMA   OF    LONG-PERIOD   VARIABLES, 


By  .1.  A   I 
107.     T  ( 'assiopeae. 
I  have  watched  this  star  continuously  since  July,  1893, 
and  have  34  observations  between  1893  Sept.  2.  ami   1894 
Aug.  8.     These  yield  a  maximum,  7"..'!.  1894  May  18. 

5194.      VBootis. 
My  watch  on  this  star  began   l.s'.il  Mar.  1.  and   ended 
Aiii;-.  1<X.     1  have  21  observations,  yielding  a  minimum  1894 
Mar.  21,  9*.2,  and  a  maximum   1894  June  19,  7M.0.     Both 

dates  are  somewhat  uncertain  as  I  have  only  two  observa- 
tions before  the  minimum,  and  the  light  curve  near  the 
maximum  is  quite  flat. 

7085.     li  T  i  'ygni. 
I   found  a  Steady   and   rapid   rise   from   aliotit  I0a.5,  1894 
Apr.  24,  to  a  maximum  of  7".l,  L894  June  17.  followed  by 
a  slower  decline  to  9".0,  Aug.  6.     1   have  25  observations 
between  the  above  dates. 

Marengo,  III..  1894  Nov.  15. 


ARKHURST. 

7118.  XAquilae. 
I  have  9  observations,  quite  evenly  distributed  between 
L894June20  and  Sept.l.  The  star  rose  steadily  from 
about  10M  at  the  first  observation,  to  a  maximum  of  8". 6, 
1894  July 30,  and  then  fell  at  about  the  same  rate  to  111'1  at 
the  last  observation. 

7  7s.'i.     li  r  ( ' [in h'i. 
From  21   observations   between  1894  .Ian.  5  and  Aug.  9, 
1   deduce  a  minimum.  9M.2.  1S'.)4  May  19,  followed  by  a  steady 
rise  to  about  7M  at  the  last  observation. 

8324.      /'  Cassiopeat . 

Since  the  minimum  (1894Mar.21)  published  in  A.J. 
no.  320,  I  have  23  observations  yielding  a  well  marked 
maximum,  7". 2.  1894Julyl5.  At  the  last  observation, 
Aug.  20,  the  star  had  fallen  to  9". 
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CO.MKTe  1894    (Swift). 


This  eometj  discovered  by  Edward  Swift  Nov.  20,  was 
ii  erved  1>.\   Barnard  a1  the  Lick  Observatorj  on  the  three 
days  immediately  following.     These  observations  are  given 
in  detail  iii  this  number,  page  L51. 

The  cornel  was  very  faint,  and  estimated  by  Prof.  Barn- 
ard as  not  so  hriiiht  as  a   13M  star. 


No  other  observations  seem  to  have  been  made  in  the 

United  States  with  the  exception  of  ■  made  by   Father 

Searlb,  at  the  Catholic  University  of  Washington.  He 
found  difficulty  in  detecting  it,  Ids  telescope  having  but 
nine  inches  aperl  are,  but  obtained  I  he  following  observation. 


1804  Grei  nwicli  M.T. 


Nov.  28 


n    i 
12   1 
12  1 


a 


is 
18 


1 

•> 


No. 
Comp. 


Ja 


J8 


's  apparent 


+  4  26.98 
+  .".  25.84 


+  11  45.9 
+  10  27.2 


22    Hi  55.20 
22    10  55.49 


Red.  to 
app.  place 


Mean  Places  for  1894.0  of  Comparison-Stars. 
8 


Red.  to 
app.  place 


ll         111        s 

22  36  25.24 
22  37  26.67 


+  2.98 
+  2.98 


-10  40  40.2 
-10  39  2S.S 


+  13.3 
+  13.3 


-10  28  17.0 
— 10  28  48.3 


Aiitlioril  v 


log;)  A 
for  a       I     for  <S 


8.949 
8.949 


0.824 
0.824 


Lalande  44373  (Yarnall) 
65  Aquarii  \  Newcomb) 


The   following    parabolic    elements    computed    by  Leu- 
schner    from    Barnard's   observations   were  received  by 
rapli  from  California,  Nov.  29. 

T  =   1894  Oct.  4.90 
do   =   291°  48' 
So    =     43      4 
i  =       3    16 
logy  =  0.1674 
A  finding-ephemeris,  derived  from  these  by  Father  Searle, 
was  at  once  distributed  among  American  astronomers  by 
Mr.  Ritchie. 


Greenwich  M.T. 

Dec.    2.5 

6.5 

10.5 

14.5 


8 

Brightn. 

o          / 

8  58 

0.70 

7  40 

6  23 

5     8 

0.51 

22  53  36 

23  4  20 
23  14  48 

23  25     0 

The  correction  indicated  by  Searle's  observation  was 
about  — lm.G  in  a,  and  —12'  in  5. 

The  indications  SUggesI  an  orbit  belonging  to  the  same 
group  with  the  comets  1585,  1844  I,  1886  VII.  etc. 

The  positions  of  Nov.  21,  23,  28  presented  the  peculiar 
ease  that  they  are  in  a  great  circle,  and  the  geocentric  angle 


between  sun  and  comet  is  not  far  from  90°.  This  great  cir- 
cle Father  Searle  found  to  be  inclined  to  the  equator  by 
27°  17'  10",  having  its  node  at  0°  16'  33". 

From  these  observations  Dr.  Chandler  has  determined 
an  approximate  parabola  for  providing  a  finding-ephemeris. 

Elements. 

T  =  1894  Oct.  25.1111  Greenw,  M.T. 


■4".  8 


Ephemeris  for  Greenwich   Midnight. 


CO 

= 

306 

23 

28.7  ) 

a 

= 

44 

50 

42.9 

■  App. 

Equin. 

/ 

= 

o 

O 

10 

13.0  ' 

lo 

S'/ 

= 

(MS 

237 

O 

-C 

J),  cos  pi 

=    + 

-".() 

.    .;,-;  = 

log  A        Brightn. 


Dec.  14.5 

23  26  29 

-4  55.7 

0.1404 

0.61 

18.5 

37  25 

O     no   ii 

o  oo.y 

0.1619 

0.55 

22.5 

48  10 

2  13.6 

9.1754 

0.51 

26.5 

23  58  44 

-0  54.7 

0.1993 

0.46 

30.5 

0    9    8 

+  0  22.5 

0.2052 

9.41 

The  comet  is  doubtless  of  short  period,  and  since  its  ap- 
parition will  be  brief,  observations  are  much  needed. 


CORRIGENDUM. 
No.  330,  p.  141,  col.  2,  maximum  brightness  of  X  Cygni,    for    4M.9    put    4".:'.. 
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OX  PROF.  NEWCOMB'S  DEVELOPMENT   OF  THE   PERTURBATIVE   FUNCTION, 

By  A.  CHESSIX. 

operators      n  ™. .      As  the  numbers      m  and  in'      can  only 


In  a  note  in  the  Astr.  Journal  (No.  326).  I  have  shown 
how  the  computation  of  the  operators  n  ;;;;_";,  can  be  dis- 
pensed with  in  the  development  of  the  perturbative  function 
in  terms  of  the  eccentric  anomalies,  as  given  by  Prof.  Simon 
Newcomb  in  his  Astronomical  Pap>ers,  Part  I,  Vol.  III.  In 
that  note  I  have  considered  only  the  terms  of  the  class  0. 
I  will  now  extend  the  method  given  there  to  terms  of  any 
class,  and  also  give  the  expression  of  any  term  P 
Q £."„'>  R :"'■,"„',••  •  in  function  of  the  terms  P;;:\';,<> 
R  ....  in  which  the  upper  and  lower  indices  are  the 
same. 

I  have  mentioned  already  in  the  note  referred  to,  that  all 
the  symbols  n™;^.  in  which  the  indices  m,  m',  n  and  n'  differ, 
can  be  expressed  linearly  in  function  of  operators  II  ";,','  in 
which  the  upper  and  loiver  indices  are  the  same.  Let  us  find 
this    expression.     For    this    purpose    we  consider    first    the 


differ  by  multiples  of  2  (see  Prof.  Newcomb's  paper),  we 
may  give  to  this  operator  the  general  form  II  "i™  ,  where 
both  it  and  m  are  >0.  Now,  I  will  assume,  that  II  " 
can   be  expiressed   linearly    in  the  operators      II;;:;;;,   II 

H?+zzi, ,  Tl ';-';•     if    re  —  m>0;     if     re  —  m^O    this 

series  of  operators  must  end  with  the  operator     n*. 
Thus,  let  us  put 


TT''+<» 
*-■*■  n — ni 


(1) 


"(I  A*  n+m      >      ul  Ll  .,+,..-1   ~    "J  lL  n+„(-2~  •   •   • 

the  last  coefficient     a"*"    being     a!,";,"     if     u — m^O     and 
.     if     n  —  m  <0  ;     n  and  m    are     >0.     If  we  can  find 
expressions    for   the    coefficients     a™,n     which    satisfy   the 
relation  (1),  our  assumption  will  be  justified. 

We  have  between  the  operators     II  ™,    the  following  rela- 
tion (see  formulas  (30)  in  Prof.  Newcomb's  paper)  : 


(2) 


(„  +  m)n:;±;:;  =  0*-D)]g  n::i-(M+D)^n;:i-  +  2D^(-i)'n;;l 


In  this  we  make  the  substitutions  : 

(3)      2n::=:±;;;  =  5}S"r"""n-»: 

1  1 

m  in      -J,  „.—. 

(i )  2  n itzr.  =  2  2  "r" " n ;;+": 

1  i  0 

(5)   2(-1)"n;:tr:r  =  2  2  (-1)' «rf- "-'n-SzlzJ 

1  0 

which  formulas  follow  from  (1).     Besides,  it  must  be  re- 
membered, 


that 


-Dni:  =  (fc+i)  nsi-Ox+fc)  m 


(6) 


(see  (31)  in  Prof  Newcomb's  paper).     We  shall  then  find, 
that 

e  —  -tn 

(n  +  m)U:±2   =   2Arn^z:     if    re-m>0         (7) 

e=  n+m 

(n+m)IIS±S   =    Y  A      li      z.'    if  re— m<0        (7)' 

where  :   1 )  when  e  =  even  number. 
£— i 


(8). 


.     =  (u+m-e)J2(«r'-f-,+'+«r"-1+t-")-2  2  (-i)l+*  <C>+t,,,~5+i  [ 

(      0  0  ) 

t— 1 

■ 

—(« + n  -f-m— c)  j  2  (« r "~*+i  + « r'+A- ")  —  2  2'(— ] )l+*  a^*+'' "~~*+*  f 

'       0  0  ' 


2)  when  e  =  odd  number. 


(153) 
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K 


AT"  =  (n+m—e)  j  ^'  («*'M"1+'  +  a;;— 1+t'")  —2  ^'  (~ l)         a» 


*+'t'      —!£+*■  n-S#+» 


i  =  0 


—  (M+n+m— e)  ]  ^]-  (cU'"-^  +  fl;-'+'-")-2  ^  (  —  l)t+'" a':^'*''"'*1**  [ 

I         U  0  ) 

It  will  be  more  convenient  to  write  these  expressions  in  the  following  form  : 
1 )   e  r=  even  number. 


CM, 


,+'..  "-..+'■ 


2)  e  =  odd  number. 
(9)s 


(     .i  o 

+  ( n  +  m—e)  <  ^  (a  "'  "_e_m  +  a  *—*+*• ")  —  V-  (a  ["•  "— H  +■  a  i"",+l' " )  £ 

I-1 

_2(n+?n— e)^*(— 1)     ■  (a,l+1-  -     —  a2t  5         -    ) 

o 

e-S 

((10  ' 

f    '  '-1 

+  (n+m— e)  j  ^(aJhn~e-1+*+ar— 1+*-")  —  ^  (ar"~c+i  +  «;;,_'+'") 


-2  (n+m— e)  j2*(— !)      r  <h>   *  7      —  ^  {—^)      r  a  In?  r     V 

(         0  II  \ 


It  follows  from  (1)  and  (7),  (7)',  that 

(10)  A,.'"  =  (n  +  m)  a;    " 
This  gives  for     e  =  0  : 

A ,7 ■"  =  (n  +  m)  <»;("" 
But  the  expression  of     A(l""      is  after  formula  (9)[ 

A,;-"  =  (n+m)  (a  ;■;•"-'  + a  ?;-'■-) 
Hence 

(11)  a';v  =  «,;•"-'  +  a?-1'" 

Substituting  successively  n,  n  —  1 ,  n  —  2,  .....  1  for  n  ; 
then  adding  all  the  formulas  obtained  by  these  substitutions, 
we  find 


(12) 


„■■'■'■  =  a  ;;•■"+  ^a"„-h' 


This  formula  is  of  the  type  (8),  considered  in  my  note 
(Astr.  Journal,  no.  326.)      We  have,  therefore  : 

/••ox                        V  n(n+\).  .  .  .(n+e — 1)     „,_  „ 
(13)       a  ,7  ■"  =  2$— " r^-     a^° 


But  it  follows  from  (11)  that 


«;;'•"  =  ar,u: 


aJ-"  =  ag-0=  1 


because    a';'-"=  0    for  all  negative  values  of    M  and  n,    by 
definition.     Besides,  as  can  be  easily  shown, 


n(n  +  l) (n+e—  1)  (n  +  m). 


!  m! 


n !  m 


Hence 


a 


(m  +  n)  ! 


m  I  n ! 

I  will  now  demonstrate  the  following 

Theorem:     If  the  relation 

<->'"  +  a  ;"•"-'  =  a?"  +  a^z!-"-1 
holds  for     k  <e    ,    it  will  hold  also  for     k  =  e. 


(1-1) 


(15) 


To  fix  the  ideas,  suppose  e  =  even  number.  The  dem- 
onstration can  be  done  in  a  quite  similar  way  when  e  = 
odd  number.  Then  A™"  is  given  by  formula  (9)t .  Let 
us  form  the  expression  A"' "_1  +  A™-1".  By  means  of 
(9),  we  find  that  „ 


5 


£— i 


+  AT,n-,  =  _2ft)2k(ar'+k-'-"+ci'r+l-,,-')-2I;(—1)     (**  +a 

V        (J  II 

(     • 

(       0 


+  (n  +  m—e—  1 )  -j  ^'K"'  "~*~2+l'  +  a»'~1'  "_Mf'+«r'"!+'' "  +  ar*"1"^  "~1]— ]>*[>? 


+a;'-^+i"-1] 


N°  332. 


THE     ASTRONOMICAL     JOURNAL. 


155 


2(w+m— e— 1)  >»(—!)    2  [«•>*+!  -    +"  -       —  a<*  ■  —aa  "  J 


(16) 


We  now  transform  this  expression  by  means  of  formula 
(15),  which  we  have  admitted  to  be  true  so  long  as  7c  <e. 
We  can,  therefore,  apply  (15)  to  all  terms  in  the  expression 


(16),  except  to  those,  where     k=e.     This  transformation 
gives 


Ari, ,.  +  A;, „_i  =  _2/i )  J!  (rr^. ■  _  g  (_!  )«-S  a~^ -5 

'       0 

-»,Jf}a     '■~,-2<-i>'~i^~,"~J+W 

(      0  ii  ) 

(  "-I  '         •  5-' 

+  (n+m_e_i)  j  ^  [ar"-c+1-'+«re+'-1"'-<-"-+,-«rf+i-"]  -2^  (— V**  («D+L"";+'-«r;+t^+')  [- 

+(n+wl_e_i)  j  2[«ri'-"i"^''^+j-2"_i]-2tf(^'"","r^'+a"^+^i''"'i 

(_     0  o 


(16)' 


the  last  two  terms  being  those,  to  which  the  transformation 
(15)  could  not  have  been  applied  to.  Now,  we  obviously 
have  : 

(17)  2'a^+"t"1"'-1  =   2}are+*+1'"_1 

u  0 

t       ,  «      o 


2i'(-J)     '    C°s*-i  —  a2<*-i>  '       -1  il  +  («  +  »i— e—  1)  (a™"-' +  «:"-'•") 

o  ) 

and  so  on.     By  means  of  formulas  (17)  and  analogous  ones 

the    sums   containing   terms      a™_\,'''    ,    aJii?,'    ,    a^',,     are 

transformed  into  sums  containing  terms     a™"'""    ,    agif"    , 

The  expression   (16)'  then   easily  reduces  to   the 


a: 


"i,  „" 


form  : 

A;,.„-i 


0  II 

_  1  .-s 

2'  (<T  "-'-1+i  4-  ar*-"1"1"*"")  +  2'  («r'"-c+<  +  «i"'-f+t""1) 

II  II 

r — 1  c — 3 


+  A;-1'"  =  A;"'-  +  A;^1'-1  —  (o.r''"+«";'"_1)  — 


2~J 


_22(-o^  («  ,  ^_.r**^)+i2H)«4 (.^H*_4r*H^j 


+  (n+m— l)(a; -,  +  «1"1-1")    j 

By  the  above  theorem      a  ;"•"-'  +  a  ;"-'•"  =  af'"  .      Hence 

ar.»    =    _9^:-U  (21) 

If  we  proceed  in  like  manner  in  the  general  case,  we  shall 
find  the  general  expression  for     «  "'■"  : 


I 
By  quite  similar  transformation  it  is  easy  to  see  that  the     A',"'"     =  (n  +  m)  a';''"   =  — 2/xo," 
expression  in  the  large  brackets  in  (18)  is  reduced  to  the 
term     — 2  a  "J^1- "_1 .     Hence 
A„, ,.-,  +  A „.- 1,  „  = A„. .  +  A™_i, ..-!  _  (a ri, ,+  u,,„  »-i_2a-'-  »-' ) 

or,  on  account  of  formula  (10)  : 

(»/  +  »— i)  (o™'  ""l4-(i™-1")  =  (?)i+)i)(a™-"+((;,r,1'"~l) 

—  (a  "-'•"+«,       ') 

(19)         i.e.         a       -'  +  <-''"  =  <C"  +  a^1'"-1  " 

q.e.d. 

We  have  seen,  that  the  relation  (lit)  holds  for  e  =  0 
[see  (11)].  It  follows  from  the  above  theorem,  that  the 
relation  (19)  holds  for  all  the  values  of  e.  This  result  enables 
us  to  find  the  expression  of  any  coefficient     a  ;"' " . 

We  have  already  found  the  expression  of  the  coefficient 
a*,'*.  Let  us  find  now  that  of  «;"■".  It  follows  from  (9)2, 
that 


(18) 


i  (20) 


7,- 


^2 


(22) 

(23) 
(24) 


where 

r,,m+.,i (— l)' (ji-r-n-r-m— A-)(h+«+»i— k+l)...(/i+n+m— k+e— 1) 

7    k-  c  ~ 1 

el 


9 


..  (      1V2^(2^-1)....(2^-S+1)  (25) 
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The  upper  limit  of  the  summation     e,     is  given  in  every  ease  by  the  condition,  that  none  of  the  indices     (k — 2c)  , 
(m— k+e)  ,  (n — e)     be  negative.         We  shall  therefore  have 

(26)  n;:±;:  =  2°"'" n"+";='  =  22 Fl"+"  6,--< ««"'"l+e'""'  n"+:"=» 


(27) 


I  ki  =  n  +  m     if     n  —  m <0  | 
\kx  =  2?)l  if     n  —  m^.0  j 


The  definition  of  the  symbols 
to  the  formulas  : 


n: 


(28) 
(29) 


n  ;;±;;i 


TT  8,  7I-H» 
11  I,  11— m 


ss 


fW  »- 


then  leads  at  once 


.-,  m — A+e,  fi— e  TT  ft+tH — A,  a 
u0  L1  it+m—k,  t 


—    Zmi  "•'  k~-'         "  l.n+m-k 


where     t'"t"'+"'  ,  0't_2,      are  given  by  the  formulas  (24),  (25) 
in  which     v     is  substituted  for     >x. 

It  remains  only  to  apply  these  operators  on  A,,  B,,C,,  — 
For  the  terms  of  the  class  0  we  must  substitute  — ('  for  /*, 
and  +i  for  v.  For  those  of  the  class  1  substitute  1 — (' 
for  /*.,  and  1+/  for  v.  For  those  of  the  class  2,  2  —  i 
for  ix,  and  2  +  i  for  c.  ;  and  so  on.  Let  us  write 
0<iO  for  ?):+'",  6,  ,  in  the  first  case  ;  c- !:"+("  , 
in  the  second  ;     c-i"',^:1  ,  #e  2     in  the  third;   and  so  on. 


i  .»+>■> 


Then  (28)  and  (29)  appliec 

22< 


(30), 

(80), 

(30), 
and  so  on 

(81), 


P»i-H».  s 
n— m,  I 
10 


A,,  B,,  C,,  .  .  .  .  will  give 


3  n  m — k+e,  n — e   T>  >t+m — k.  s 

'A— 2c, 0   "0  r  n+m—k,  I 

(0 


to 


-.  =  2S'i 


-A+e.  n— e    /")  u+iii- 
V  ,,+„■- 

(0 


■A.  s 
A.  t 


(0 


ps,  n+m 

x   I.  n—m 


22«' 

0  0 

22*w 


R  »+»»-*,  a 
„  +  ,„-/..  i 


*  n+m 
CO 


«  m — k+e,  n — e 


p..  n+ra 
(0 


(31)2 


Q?:!^  =  SS?'-'^- 


am — A+e,  ji — e  (~\  s,  11+111 
.    o  vc  i,  ■.+... 

i.i 


and  so  on.  The  two  sets  of  formulas  (30)  and  (31)  give, 
the  solution  of  our  problem.  They  may  be  combined  in  one 
general  one,  such  that  the  development  on  the  right  will 
contain  only  terms  P";',  both  upper  indices  being  the 
same  as  the  corresponding  lower  ones,  but  this  would  only 
make  the  formulas  unnecessarily  more  complicated.  The 
set  of  formulas  (30)  reduces  the  computation  of  coefficients 
P;;;;."„,.  ,  Qj,".  ,  ....  to  the  computation  of  coefficients 
PJJ  ,  Q"!;".  ,  ....  in  which  the  first  upper  tfud  lower 
indices  are  the  same.  Then,  by  means  of  the  set  of  formu- 
las (31),  in  which  we  only  need  to  make  s  =  t,  we  reduce 
the  computation  of  the  coefficients  Pm;".  ,  Qro'„"  j  •  ■  •  •  to 
the  computation  of  those  in  which  both  upper  and  lower  in- 
dices are  the  same. 

I  will  now  write  down  those  of  the  formulas  which  are  of 
the  most  frequent  use.  Such  are  (30)  and  (31)  in  which 
s  =  t     and     m  =  1  and  2. 


Suppose    first 


1 


and 


>  1 .       Then      fc,  = 


Formulas  (22-25)  give  in  this  case: 
(*)     «,',•"  =  n+1   ;    oi'"  =  — 2/»  ;    a:2 
We  have,  therefore, 

P;:±!;;=  (»+i)  p;;ft;  + 2/ ?;;•;  +  (i-n+1)  P;;zi:;    (32), 
Q;!+j:;=  (n+l)  Q:ft:  +  2(i— 1)  Q5:+(*-»)  QTl::   (32), 

(0  (0  (0 

(32), 

R£l;:=  («  +  i)  R;;+!:;  +  2(*-2)R;::.  +(i— «— 1)  R;;z>:: 

(0  CO  (0 

and  so  on. 

Suppose  now    m  =  1    but    n  =  0.     Then    fc,  =  in  =  1 , 
and  instead  of  the  above  formulas,  we  shall  have 

p      l.«     pl.J   J..V   pffl.J 

*—  i, «  —  r  1,  a  ~  il  r  o. « 

(0  i.l  (0 

Q-,-,*.=  Ql::+2(i-i)Q!!:: 


(32)/ 

(■'!-'); 

(32),' 

for 


W  i.i 

K-!;:=  R!::  +  2(*-2)  E;;:; 

(0  (0  iii 

In  order  to  get  the  other  set  we  must  substitute  v 
ix.  in  formula  (*),  then  the  coefficients  u"'-"  will  be 
( ** )     a  J'-"  =  7i+l    ;    a  \- "  =  —2v   ;    a\  "  =—()•  +  n—  1 ) 

If  again     n^.l  ,     we  shall  have 

P;'i;+i=  (n+l)  pjjg_«p|;_(i+n_i)  p;:;;z!      (33), 
QJ£S=  (n+l)  QJ:|+J— 2(i+l)  QH  — (<+n)  Q:.!p!(33)2 

r;;;;t>=  (M  +  i)R;:Vf!-2(i+2)  R;:;:-(i+«+i)R;:!:z!(33)3 

in  to  "i  to 

and  if     n  =  0, 


PI.      1      p/.  1  •">.*   DMI 

(,-1       r  I.I  "'    r  1,11 

Qt-J  =  Qti—  2(i+i)  Q!;g 


R!:J  =  b;:! 

hi  to 


-2(t+2)  R«;g 


Let  now     m^2;    n  ^2.     Then    A",  =  4, 
(22-25)  give  in  this  case  : 
(n  +  2)(n  +  l) 


(33)/ 
(33),' 

(33),' 
and  formulas 


«r,     = 


1  .2 


;  af=  — 2(«+l)M  ; 


a32"'  =  2At(At+n— 1)  ; 

We  have  therefore 
TaM.        (n+2)(n+-l) 


=  2/x2—  (u  +  l)/i— n2 

_    (/x  +  7t—  l)(jLt+W— 2) 

1  .2 


(***) 


1.—2,  a 
(0 


v:;':i:  +  2/(n+i)  pi:+!:i 

+  [2i2+(n+l)l— «2].Pj: 


(34), 


+  2j'(«— n+l)  P"=!' 


-i, « 

in 


(i-n+l)(i-«+2)    w^ 


2  to 

and  analogous  expressions  for  QJ±|J  ,  R"i?:J  ,  •  •  •  • ,  which 
are  obtained  by  substituting  1 — 1',2  —  i  for  tx  in  (***). 
If  n<  2  we  have  the  same  formulas  (34),  only  without  the 
last  term  (if  rt  =  1)  or  without  the  two  last  terms  (if  n  =  0). 
For  the  other  set  of  formulas,  we  must  again  substitute  v 
for     it     in   (***),  and  we  then  obtain 
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(35),    p;;:«  =  (w+2)9(n+1)F:;;j|-2/(»  +  i)  pjffi 


to 


+  [2is— (n+l)i—  »r]  P;;^. 


+w(<+«-i)  pi;:;=1+^+"~1!>('+,'~-)  p 


pi 

*  I.  »— 3 
(0 


and  analogous  formulas  for  QJJJJJ  ,  R|:"i;  ,....,  which 
are  obtained  by  substituting  1  +  t  ,  2+i  ,....,  for  r. 
Agaiu,  if  n  =  1  ,  the  last  term  in  (35)  is  to  be  made 
zero;  if     n  —  0  ,     the  two  last  terms  must  be    made  zero. 


From  the  above  formulas  can  lie  deduced  the  expressions 

'"'  *    „-l.  .,      i     •       („  -l.,„_l    ......  I    „_._,p  „,._,    ,    Kl„_»   ,„_! , 

P        I-j  •  Qi;i:.',";~" ;     and  so  on.     But  it  would  take 

us  too  far  to    give  all  these  here.      I   will   only  give  one, 
namely     P'.'+lZtl  ,     as  an  example.      We  have  seen,  that 

(36) 

P£j  :i]  =  (»  +  i)  P:;i!:;:;i!  +  2/P:;;:;ij  +  (i— n+i)  Pri  :;±! 

(0 

If  we  substitute  in   (36)  the  expressions  for     P     | 
P::: :=!  •  P£  !.::r!  ,     given  by  formulas  (33),  we  find  that 


(37) 


(0 


=  (n+l)(m+l)P;|i      [-2i[(»+l)PS!;S-(m+l)P; 

— u!  r':::!::  -[(«+i)(Wm— i)  ps!:»=! —(»»  +  >)(«— »+i)"pr! ::::;!] 
— 2t-[(»+m— l)  P;;::::=i  +  (£— w+i)PjrJ;:]  — (i-n+i)(i+»i— i)  p;:zl:^z! 


Since  we  have  thus  established  the  fact  that  the  compu- 
tation of  the  different  coefficients  is  reduced  to  the  compu- 
tation of  those  only  for  which  both  the  upper  and  lower 
indices  are  the  same,  we  can  restrict  ourselves  to  the  forms 

P',":"  •  QS;«  -  RSI I  "ave  given  a  method  for  the 

compulation    of    the    coefficients     P™;,"     in  no.  326    of  this 
Journal.     I  have  shown,  that 

(38) 


p™.»     _      I ly  ('"■+")    'pi.t.1 

iii  l  n  ! 


where  the  functions     p<'"+">     have  a  remarkable  property, 
namely,  they  are  connected  with  each  other  by  the  relation 

(39)  r     ,"  =  P;,"r"'  +  P  ;"!+■;-" 

which  enables  us  to  pass  from  one  set  of  coefficients 


]>                             p«i— l,n+l        pm,  ,i         pm-j-1.  n— 1         pm+2 
■  •  ■  •    a   m— !  »+2    •    '    1,  „  .  1    ,    1    „.    .,    •    1    .    H.n— ]    •    x    «+2,  n— S    '    •  ■  ■  • 

I.--' i  ii-  11  (i) 

to  another  one 

p...— :'.  it+S        pm— l.n+1        pm.n        p  ,,,-M.  ,,— 1         13  m- 

"    •    -    '      '  H+2    >    ■*     m— 1,  :i-rl     )     J     '«.  «    '     r     l»+l,  ii  —  1     1     l     in  —  ?,  |l— » 

l.-ll  (i)  ((+1) 

6y  a  simple  addition.     I  will  now  extend  this  method  to  the 
terms  of  any  class. 

I  consider  next  the  terms  of  the  class  1,  i.e.  the  Q 

I  have  already  remarked  that  (40) 

yi  (»+!) (w  +  e— 1)  _ (M  +  m)/_(n+l)(n+2)..(»  +  m) 

~*  e  /  n .'  m  /  "  wTT 

If  we  substitute     — (i  +  D)      for     n     in  this  formula,  it 
becomes 


V  .  (i+D)(i  +  T>— l)...(i  +  D— e+l)_(— l)"(i  +  D— l)(i+D— 2)...(i+D— m) 

^  ^       J  e/  m.' 


(41)     or      >n;  =  n;     (see  Astr.  Jour.  p.  105) 
o  <«-« 

But     n™     is  nothing  else  than     n';;;,    beeause     IT','; 
(.-I) 
obtained  by  substituting     1 — i     for    fx,    whereas    n; 

obtained  by  the  substitution     — i     for     n  .     Hence 


is 
is 


II  ' 


2n- 


(41)' 
Then,  by  definition 

(4i)"  n'ft:  =  5" 

(ii  ^f     CO 

and,  finally, 
(42) 


II 
1  ' 

(■") 


22n; 


Let  us  now  apply  this  formula  on  the  letter    B,  ,     and  de- 
note by     P'°!;"     the  result  of  the  operation  of     IT"; ;;;     on 

in' 
B, ,     i.e.,  let 

(43)  P     i:  =  n:;;  B, 

(ii ' 

Then  formula  (42)  gives 


that  of  the  coefficients  P'JJ  .  These  last  ones  differ  from 
the  P*J  only  on  the  letter  on  which  the  operation  is  per- 
formed ;  they  can,  therefore  be  computed  by  the  rules  given 
in  the  note  on  p.  105-107  of  this  Journal.  The  computation 
will  be  carried  out  thus  : 
Let  us  put 


p'\  -      B  i 

P'tf  =  n      BJ 


Then  we  shall  have* 


1'  >  —  \e  tt 


1"        =    (-1)' 


(  hi  +  ").' 


(45) 


16) 

(47) 
and 


(44) 


Q  I  =  SSp' 

n  h  (0 


The  computation  of  the     Q^S    is  therefore  reduced  to 


Now.  it  is  obvious  that  if  we  perform  on  the     n'; 
D  the  same  operations,   as   we  did   before  on  the     II™ 

and     n";;  ,     we  will  find  the  rules  for  the  computation  of 
the     R™ . "  .     In  fact,  we  shall  find  again,  that 


n": 

(0 


1      ' 


(48) 


<■■) 


*  It  was  not  necessary  to  make  the  distinction  between   /.  >0   and 
'/.  <  0  .     In  fact,  as  it  is  easy  to  see, 

,-"  =    (— 1)««P> 

and  formula  (4(3)  will  be  true,  whetlier    /.is   >  0  or   <0. 


I  ,-,s 
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(48') 

(49) 

Ami  if  we  put 
(50) 

(51) 

we  shall  have 
(52) 


riff.i.,. 
11     ii.  ., 


11     ::  =  SSn'5i 


■p"™.  .i   TT'"  "  (  ' 

(i) 

m  » 

Q'  ::  =  22p' 


B 


22'^::; 


Again,  the  computation  of  the     R; 


of  the     P"; 


which  differ  from  the 


is  reduced  to  that 
P;;;;;;    only  by  the 


letter  on  which  the  operation  is  performed,  and  can  there- 
fore be  computed  by  the  same  rules,  as  explained  above,  i.e., 
we  put 

(/!"  =  *f>c 
(P";:;  =z  mpc, 

Then  we   have  again  : 


(53) 


pff(m+n)    _    ^,,  aIM  ."C'+'O 


(55) 


P'    :;  =  (- 


-i)-(OTtw?-W" 


,,,  ?»  .'  n; 

The  above  process  can  be  extended  iu  the  same  way  to 
any  class. 

I  will  now  resume  the  developments  given  in  this  paper, 
and  in  my  previous  note,  and  indicate  the  way  in  which  the 
computation  should  be  made. 

1.  First  are  computed  the  coefficients  A,,  Bf,  C, ,  .... 
(See,  for  instance,  Newcomb's  Astronomical  Papers.) 

2.  Then  compute  the  coefficients  p]]>  ,  pW  ,  p<8)  ,  .... 
as  far  as  necessary;  also  the  /Z;1'  ,  p'\"'  ,  p'f"  ,  ....  ; 
/'"'''  w"!"1  s  P"ia)  >  ••••  i  arlt'  so  on-  ^  's  advisable  to 
write  them  iu  a  tabular  form. 

3.  The  p<™+")  are  now  computed.  We  begin  with 
1'  '  .  which  we  compute  for  anyone  value  of  )..*  Then 
the  P','1  for  other  values  of  /.  will  be  given  by  the  form- 
ulas : 

,  pin        —  p.h  _i_  ,.1111 

IplU         —    pii'  „» 


(56) 
(57) 


<  pi'L,  =  p;1!—  pT 
j  P»L2  =  P!,'!-,-^!"1 


Next  we  compute  the  P;2;  .  One  set  for  a  certain  value 
of  ).  directly  by  formula  (26).  p.  106,  this  Journal,  and  for 
all  the  other  values  of  ).  bv  the  following  formulas: 


*  The  most  simple  computation  would  be  for     a  =  0,     because 

Pi 

Still,  if  only  certain  terms  are  needed  for  the  development  of  the  per- 
turbative  function,  it  will  be  more  advantageous  to  choose  the  value 
\  accordingly. 


p: 
p: 


'+i 
i 


prsi  _i    pri) 

Pj-p(i) 


I' 


P(  2)  1 1    i  i 

Pii 
,.  .-I  A   ,  i_l 


i 


(58) 
(5!)) 


We  continue  the  computation  of  the  p;™+">  jn  the  same 
manner  ;  compute  one  set  for  a  certain  value  of  ).  directly, 
by  means  of  formula  (26),  p.  1(16,  and  then  the  other  sets 
for  all  the  other  values  of  ).   are  given  by  simple  additions. 

The  same  is  done  with  regard  to     P';";+"'  ,  p"  ;»+<■>  f 

4.  Then    are   computed    the     P  ;;;■;;,  1":: ■ ;;  ,  P";:; 

to 
by  means  of  (38),  (47),  (55), 

Finally  the     Q^I  ,  R££,  ....     by  means  of   (14),  (51) 

and  (52). 

5.  The  coefficients      P ;;;;;;  .  (j;;;;"  .  R^;",  ....      are  then 

(<)  i.i  (ij  _ 

arranged  in  tabular  form,  and  those  coefficients  iu  which  the 
lower  and  upper  indices  differ,  computed  by  meaus  of  (30) 
and  (31),  as  explained  before. 

The  computation  of  the  D  of  the  different  terms  is 
done,  as  explained  on  p.  107  for  the  class  0  .  We  had 
there  the  formula  : 


DP;;;;;;  =  —>■  p:;:- 

(0   '  in 


(m+i)  p;;;t!;;; 


We  have  similarly 

DP';;;;;  =  — ;.  P' 

CO 

dp  ":;:■;:  = 


(m-f-i)  v'zXY: 

.(m+i)  p"z&: 

i.i  («i  to 

Aud  then  the  formulas  (44),  (51)  aud  (52)  give: 


;.  P":: 


DQ!!;:::  =  2SDFSJ 
DQ'™:;:  =  22dp"m 


dr; 

(0 


22D,P;< 

T7"  ^^        (0 


(60) 

(60)' 
(60)" 

(61) 

(62)'' 

(62) 


As  to  the  D  of  the  terms  with  different  upper  and  lower 
indices,  they  are  reduced  to  the  D  of  those  with  the  same 
upper  and  lower  indices  by  means  of  formulas,  which  differ 
from   (30)   and   (31)   only  in  the  substitution  of     DP™''"', 

do  ::;,r for   p  ::::;'.  o ::::;', 

There  is  a  simplification  iu  the  way  of  computing  the  co- 
efficients of  higher  classes  than  0,  which  it  is  well  to  note. 
Iu  fact 

q-  =  22p;^  =  22p^+22p^ 


+ 


22p!i"+22p;v; 


(63) 


Q:;:;;  =  Q^+22p^+  22^  +  2  2P  •- 

If,  therefore,     Q"x;";      has  already  been   computed,  the 
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number  of  terras  remaining  in  the  double  sums  will  be  re- 
duced.    The  following  formulas  will  be  especially  useful. 


(64) 


r»+l,n    W .  ^       _J  r 

Q£#!  =  <r; ::  +  2}p'::::+! 


(65) 

(O  in 

Analogous  formulas  subsist  for  the  i\' ",'„'",  .  R™ ; ;;  and 
so  on  ;  and  in  like  manner  for  the  D  of  these  different 
coefficients. 

To  conclude,  I  will  show  what  simplifications  can  be  ob- 
tained when  Prof.  Newcomb's  original  method  is  retained, 
i.e.,  when  the  operators  n,'"'"'  are  computed  directly  by 
his  method. 

First  of  all,  I  remark  again,  that  all  the  operators  II  ;"'„"' 
with  different  upper  and  lower  indices  can  be  expressed  linearly 
in  function  of  the  operators  n;";;|  in  which  the  correspond- 
ing upper  and  lower  indices  are  the  same,  on  this  by  means  of 
formulas  (28)  mid  (29)  of  this  paper.  Our  computation  is 
therefore  reduced  to  that  of  the  symbol     II  ;;;•;; . 

Now,  it  follows  from  (18),  (19)  on  p.  106  of  this  Journal, 

that  all  the  symbols     n  ;;;• ;; ,    for  which  the  sum     m+n     re- 
in 
mains  constant  as  well  as  the  difference     i — m,     differ  from 

( — I)'"- 
each  other  only  by  the  factor        — ~j-     If  then,  instead  of 


we  compute  the  operator     n\ 


we  obtain  all  the 


-i,  »+i 

-i.  ..+i 


II" 


TT  n.+  l,  H— 1 

11  .»+l,  .1-1  ' 
C«+l) 


n 

III 
operators 

(66)    ....n;;;=;:»+5  ,   n;: 

(*-S)  (f-l) 

by  formula  (18)  on  p.  106. 

The  symbols  wim+B),  as  we  have  seen,  are  connected 
with  each  other  by  an  important  relation,  namely,  the  rela- 
tion (29)  p.  107.  This  enables  us  to  pass  from  the  set  of 
operators  (66)  to  a  new  one. 

(R7\  n"'"'l"+-  TTm— 1,  »+l  rl i  TT 


»+l, 

fM-1, 


nm—i,  n+2  TT  m— 1,  ><+l  TT  ... 

.,,-'->,  i.+2    •      LL  m- 1,  .i+l     1      ll  .... 
(■•-1)  (0  1..I1  i-,--i 

(where     i     is  increased  by  unity)  by  a  simple  addition,  in  a 

way  similar  to  that  which  we  have  found  for  the  coefficients 

P'";l-     On  the  whole,  this  method  differs  from  the  one  pre- 
to 
Johns  Hopkins  University,  Baltimore,  ^^d. 


viously  explained,  only  by  the  fact  that  there  we  applied  the 
operators  on  the  different  letters  At,  7>, ,  C, ,  ....  directly, 
whereas  here  the  application  is  to  be  made  after  tin  opera- 
tors II ";,;''  have  been  completely  developed.  The  first 
method  is,  however,  preferable  for  many  reasons,  of  which 
one  of  the  chief  is,  that  it  reduces  the  computation  to  deal- 
ing with  small  numbers,  whereas  in  computing  the  operators 
II  .  .:  we  have  to  deal  with  very  large  numbers,  the  disad- 
vantage of  which  is  obvious. 

It  will  be,  perhaps,  desirable  to  give  here  some  of  the  re- 
lations between  the  different  operators  II';,,"',  which  are 
more  frequently  to  be  used  in  case  the  n™/„"'  be  computed 
directly  by  Prof.  Newcomb's  method.  . 

The  following  ones  are  special  cases  of  formulas  (2*) 
and  (29), 

n;;+-    =  0+2)  n;;+r:    —■2/J.n:+\  —(n+n)  n;;      (68) 
n«:;;+-  =  (n+2)  n»:;;+3  —  2v  n°:;;+{  —  (v+n)  n»:;;    (68)' 
;,"+"-  =  (n  +  2)  n ::;;,;;+2 -2,  ll ;;;;;-]  —  (,+,,)  ii; 


(69) 

(n+2)  n ;:+;:;;;,- 2^ n ;;+;-,— (,,+,0  ni;;;;;,  (69)' 


n; ... 
ii  ;:.+'J' 

Finally,  I  will  give  some  other  relations  between  the 
different  operators,  but  without  demonstration,  as  the  reader 
will  easily  verify  them  : 


(m+l)   n?Si+  (n+1)   n"+!'»  =  0 

<■')     '  (i+l) 


(Til) 
(71) 


0 


n{n  +  i)  n-„-+»  +  2«(m  +  i)  n ;: 

+  (m  +  l)(wi  +  2)  n  ro+v ;;_., 

(1+2) 

ii;::-,  =  n'a 

(.-ii  m 

njj  =  n '"•;;. 

(i+li  (0 

(i+2)  (1+1) 

+  (»  +  l)(n+2)  II 
to 

Dn  :;;■;; 

i-i  (0  i,i 

Other  relations  can   be  deduced  from  the  formulas   relal 
in"'  to  the  coefficients 


m(m+i)  n^+2;;  +  2m(n+l)  n:;;i!::;|, 


„-,  2 
,n+i 


IT  m+l.  n 
11  m+l,  .. 


(72) 
(72)' 
(71)' 

(7::, 


....  .i 


R; 


and  so  on. 


THE  PROBABLE  REVOLUTION  OF  THE  ORBIT 

OF   MARS, 

By  W.  W.  CAMPBELL. 


OF   THE    IXXLR   SATELLITE 


My  observations  of  Phobos,  made  between  October  25 
and  November  15,  show  that  the  eastern  elongation  occurs 
at  a  considerably"  greater  distance  from  the  planet  than  the 
western  elongation  does.  Prof.  Hall's  observations  in 
1877  showed  unmistakably  that  the  western  elongation- 
distance  was  then  considerably  greater  than  the  eastern. 
The  relative  positions  of  the  Earth  and  Mars  at  the  tines 
of  the  1877  and  1S94  measures  were  slightly  different,  but 
that  fact  accounts  for  only  a  very  small  part  of  the  change. 

Mt.  Hamilton,  1894  Nov.  15. 


The  greater  part  of  the  change  has  probably  been  produced 

by  a  revolution  of  the  line  of  apsides  of  the  orbit. 

There  are  strong  indications  from  the  observations  of 
Deimos  that  the  orbit  of  that  satellite  has  been  similarly 
transformed;  but  the  evidence  is  not  so  conclusive  as  in 
the  case  of  Phobos,  since  the  orbit  of  Deimos  is  nearly  cir- 
cular. 

The  observations  will  be  published  later. 
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NEW   SHORT-PERIOD  VARIABLE. 

Bl    PAUL  S.    YENDELL. 


I  began  observations  upon  this  star  1894  August  16,  in 
compliance  witb  a  request  from  Dr.  <  Ihandler,  accompanied 
by  the  bare  statement  that  he  believed  the  star  to  be  a  vai-ia- 
ble  of  short  period  and  small  l,ight-range. 

\  Eew  weeks' watching  convinced  me  that  the. star  was 
really  variable  to  the  extent  of  about  four-tent  lis  of  a  mag- 
nitude, in  a  period  <>f  between  four  and  five  days,  and  a 
summing  up  of  my  observations  in  the  latter  part  of  Septem- 
jave  a  period  differing  by  only  a  few  thousandths  of  a 
day  from  that  published  by  Chandler  in  ./.•/.  .".:.".>. 

.Maxima  have  been  observed  on  the  following  dates: 


L894  Aug.  21.4  Local  ALT. 
30.5 

Sept. I'll.  I 

Oct.    1.3 
L9.2 


wt. 
2 
2 
3 

1 
3 


The  reductions  on  which  the  above  maxima  depend  are 
necessarily  rough,  as  a  sufficient  number  of  observations 
for  the  formation  of  a  serviceable  mean  light-curve  has  not 
yet  been  obtained.  The  general  run  of  the  observations. 
however,  leaves  no  doubt  of  the  star's  variability  and  peri- 
odicity. 


This  confirmation  now  permits  the  assignment  of  the  definitive  notation,  6S54  TAquilae. 
Dorchesti  r,  Mass.,   1894  November  10. 


Ed. 


NEW  VARIABLE   IN  HYDRA,  SDM.  14°2893. 

9h28m348.9    —14°  2'.8  (1855). 

Communicated  by  Prof.  Wm.  IIaukness,  Astronomical  Director,  Naval  Observatory. 


In  course  of  observation  of  the  Washington  Zoue  — 13°  50' 
to  -18°10',  I  have  discovered  that  DM.  -14°2893  is  vari- 
able. From  the  published  Munich  observations,  from  the 
original  Durchmusterung  observations,  kindly  furnished  by 
Dr.  KiisTXEi:,  Director  of  the  Bonn  Observatory,  and  from 
observations  visual  and  photographic  kindly  furnished  by 
Prof.  E.  ('.  Pickering,  Director  of  the  Harvard  College 
Observatory,  Assistant  Astronomer  Paul  of  this  observa- 
tory has  derived  the  following  approximate  elements. 

Washington,  1894  Decemberl2. 


1892  March  22     2412180'  + 296  E(9H.2- below  11  :  >. 
A  minimum  occurs  about  1895  Jan.  21,  and  a  maximum 
occurs  about  1895  June  18. 

I  defer  publishing  the  data  in  detail  until  materials  are 
obtained  by  following  the  star  through  a  maximum,  when  I 
intend  to  make  a  more  complete  determination  of  the  'de- 
ments. 

Aabon  N.   Skinner, 

Assistant  Astronomer. 


NEW   ASTEROIDS. 

Two    more    small    planets  were  discovered   photographically  by  Wolf  at    Heidelberg.  Nov.  4.  and   oue  by  Bor- 
relly  at  Marseilles,  Nov.  19.     Their  positions  are  given  as 

BF     11. i,"    Nov.    4 


BG     11       Nov.    4 


BH    121     Nov.  19 


h       m 

9  45 
10  36 

Heidelberg 

ALT. 

it 

h      m 

a   =   3  12.7 
3  10.3 

o         / 

8  =    +11     7 
10  37 

9  45 
10  36 

a  =  3     7.2 
3     4.7 

8  =   +12  51 
12  21 

9  47.0 

Marseilles 

u 

a  =  3  14     5s 

8  =    +15  13  48". 

Daily  motion,  —60s  iu  a,  and  2'  S. 


CORRECTION. 


On  comparing  our  observations  of  the  transit  of  Mercury,  (A.  J., 
No.  330),  with  those  at  other  stations,  I  find  that,  owing  to  an  over- 
sight in  respect  to  sign,  I  have  committed  an  absurd  error  in  reduc- 
ing the  observed  contacts  to  the  center  of  the  earth.     The  true  value 


of  the  reduction  is  — 126.3  instead  of  +7*.6,  and  all  the  reduced  or 
geocentric  times  as  printed  should  he  diminished  by  19".9.  The  ob- 
served times  are  correct  as  they  stand. 

C.  A.  Young. 


Princeton,  1894  Dec.  8. 
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NOTES   ON    VARIABLE   STARS,  — No. 

B\    HENRY   M.   TARKHURST. 


In  the  use  of  the  deflector  with  the  full  aperture,  when 
the  accuracy  of  the  position  of  the  transit  wire  is  essential, 
I  have  found  it  necessary  frequently  to  redetermine  its  posi- 


tion. Including  a  lucid  star  in  a  series,  makes  it  easy  to 
correct  for  any  displacement  of  the  transit  wire,  from  flex- 
ure or  otherwise. 


Results    of    Observations. 


Observed  Date 

No. 

Star 

Phase 

E 

Corr. 

W 

Remarks 

Julian 

Calendar 

5157 

S   11  Oi it  Is 

Max. 

2961 

ISM 

Max 

12 

42 

-27 

5 

5194 

J'  Hi  nit  Is 

Max. 

21176 

May 

27 

14 

-27 

5 

Sky  unfavorable. 

5237 

/('    Hoot  Is 

Max. 

3009 

June 

29 

59 

-  3 

5 

5249 

]'  Librae 

Max. 

3006 

dune 

26 

12 

— 

0 

Probably  at  least  two  months  ahead  of  element. 

5338 

U  Boot  Is 

Min. 

21)77 

May 

28 

30 

-20 

5 

Revised  elements,  A.J.  319. 

a 

it 

Max. 

3058 

Aug. 

17 

30 

-29 

3 

ic                  it                      a 

5430 

T  Librae 

Max. 

3055 

Aug. 

14 

25 

— 

0 

Prediction ;  invisible  six  weeks  before  max. 

5438 

1"  l.lhror 

Max. 

3015 

,luh 

5 

37 

+  11 

1 

Revised  elements.     A  very  faint  max. 

5494 

S  Librae 

Max. 

2980 

May 

31 

38 

-111 

2 

Clouds  and  moon  interrupted  observations. 

5501 

S  Serpentis 

Max. 

2990 

June 

10 

66 

+23 

4 

Besides  the  sine-correction  of  +41  days. 

5511 

BS  Librae 

Max. 

21 169 

May 

20 

8 

— 

0 

Prediction;  diminishing  in  June  and  July. 

5583 

A'  Librae 

Max. 

3058 

Aug. 

17 

33 

-15 

1 

Probably  later  than  my  elements  indicate. 

56 1  i 

Z  Librae 

Max. 

3005 

June 

25 

20 

-   4 

1 

Perhaps  earlier. 

5675 

V  ( 'oronae 

Max. 

3011 

July 

1 

16 

+28 

5 

No  secondary  max.  observed. 

."i<;77 

A'  Serpentis 

Min. 

21150 

Max 

1 

69 

-21 

1 

Adopting  the  correction  in  A.J.  308. 

a 

a 

Max. 

3114.7 

Oct. 

12 

69 

-  7.2 

9 

A  brighter  max.  than  last  year. 

;-»7(i| 

RR  Librae 

Max. 

3033 

July 

23 

12 

-   1 

5 

Disregarding  the  first  observation. 

5761 

Z  Scorpii 

Max. 

3056 

Aug. 

15 

21 

+  22 

1 

Estimation,  from  correction  in  308. 

5830 

1!  Scorpii 

Max. 

301  1 

July 

4 

51 

-26 

5 

5831 

S  Scorpii 

Max. 

3007: 

June 

27 

118 

-   6 

1 

Disregarding  the  observations  a  month  later. 

5887 

J"  Ophiuch I 

Min. 

3061 

Aug. 

20 

25 

— 

5 

Makes  .1/  —  m  =  171.     Revised  elements. 

5931 

S  Oph  lui'/i  1 

Max. 

306:: 

Vu- 

22 

58 

+  8 

1 

Probably  later. 

5950 

W  Herculis 

Min. 

2991 

June 

11 

20 

_   o 

2 

Possibly  preceded  May  29. 

a 

a 

Max. 

3130.3 

Oct. 

28 

20 

+  12 

9 

en  ii 

S  Herculis 

Mux. 

3096.6 

Sept. 

24 

45 

+  52.6 

9 

Disagreement  from  elements  increasing. 

6132 

R  Ophiuchi 

Min. 

2987 

June 

7 

— 

— 

0 

Assumedmin;  lirst  risible  a  month  later.    Observations, 
not  yet  reduced. 

6207 

Z  Ophiuch  I 

Min. 

3120 

Oct. 

18 

— 

— 

1 

Probably  not  earlier. 

6512 

T  Herculis 

Max. 

2985 

June 

.. 

58 

+  15 

5 

ii 

a 

Min. 

3064 

Aug. 

23 

59 

+   7 

3 

it 

tt 

Max. 

3150.1 

Nov. 

17 

5!) 

+  15 

9 

6682 

X  Ophiuchi 

Max. 

3004 

June 

24 

— 

— 

0 

Prediction.  310;  see  also  318;  obs.  interrupted. 

(161) 
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5157  S  Hoot  Is. 
Julian    Calendar        Mag. 

29361  Apr.'4 17  S.96., 

2958  May    9  8.04, 

2983  June    3  8.47, 

2990  10  9.23, 


5194  VBootis. 


2895 
2922 

2959 

29S3 
2992 
3002 
3015 


Mar.     7 

Apr.    3 

17 

May   10 

June    3 

12 

22 

July    5 


2988 

2990 
2998 
3003 
3008 
3013 
3015 
3017 
3020 
3021 
3023 
3030 
3035 
3050 
305S 
:;im;:, 
;;ds:; 


5237  R  Boot 

June  8 
10 
18 
23 
28 

July  3 
5 
7 
10 
11 
13 
20 
25 

Aug.  9 
17 
24 

Sept.  11 


9.7 
9.2 

8.65., 

7.78., 
7,11', 
7.833 
7.51., 
8.392 

is. 

8.0 
7.64„ 
7.89,: 
6.60., 
7.69.^ 
7.033 
7.40., 
7.10, 
7.44.,: 
7.34, 
7.552 
7  89^, 
7.361 
9.29" 
10.89 
10.47 
10.7] 


5249  VLibrae, 


2958 
2976 
3002 
3013 
3034 


May     9 

27 

June  22 

July    3 ' 

24 


11.7 
12.6 
13.2] 

12.7] 
12.7] 


5338  UBootis. 


(Continued 


2922 

2945 

2957 

2983 

3011 

3046 

3065 

3083.5 

3092.6 

3101.5 

310S.5 

3120.5 


Apr. 

May 
June 
July 
Aug. 

Sept. 


Oct. 


o 

26 


from  308.) 

11.27, 

12.2 

12.37., 

12.6 

11.7 

10.5 

10.3 

11.0 

11.0 

11.11, 

11.49, 

11.3  " 


5430  T  Librae. 

Mae. 


Julian  Calendar 

fl  1894 

2988  June    8 

3011  July     1 

3034  24 

:;o;;7  27 


11.2] 
11.7] 
10.8 
10.9."., 


5438  Y Librae. 
(Continued  from  308.) 
2997     June  17     10.0] 


2998 
3007 
3015 
3035 
3038 
3047 


18 
27 

July  5 
25 
28 

Aug.    6 


11.7] 
11.7: 
11.3 

11.5] 
11.5] 
11.7] 


5494  SLibrae. 

(Continued  from  30S.) 


2958 

May  9 

9.4 

2961 

12 

8.76., 

3002 

June  22 

8.95. 

3017 

July  7 

9.21" 

3037 

27 

9.46 

5501  S  Serpentis. 

2945 

Apr.  26 

11.2 

2957 

May  8 

10.1 

2976 

27 

9.3 

2985 

June  5 

9.08. 

2992 

12 

8.80." 

2998 

18 

9.5L 

5511  RSLib 

rae. 

2988 

June  8 

9.6 

3011 

July  1 

10.25 

3017 

7 

9.85. 

3035 

25 

11.2  ' 

5583  X  Librae. 
(Continued  from  308.) 


2983 
3001 
3011 
3034 
3046 
3047 
305S 


June    3 

21 

July    1 

24 

5 

6 

17 


Aug. 


12.5] 

12.4] 

12.6] 

12.6] 

12.4 

12.3 

10.9 


5644  Z  Librae. 

3001  June  21  11.3 

3011  July    1  11.4 

3034  24  12.0 

3046  Aug.    5  12.0] 


50,5  VCoronae. 


Julian 

2945. 

2958 
2961 

2978 
2999 
2!  198 

3008 

;;ul5 
3017 
3020 


Calendar 

1894 

Apr.  26 

May  9 
12 
29 

June  10 
18 
28 

July    5 

7 

10 


Mag. 

9.7 
10.3 
9.52, 
9.77, 
9.34, 
9.32, 
9.28„ 
9.12, 
9.191 
9.41., 


5677  R  Serpentis. 
(Continued  from  308.) 


2945 
2957 
2970 
:'9,s.3 
3011 
3038 
3065 
3073 
3084 
3096 
3107. 
3108 
3112, 
3113 
3114 
3117, 
3121, 
3129 


Apr. 
May 

June 
July 

Aug. 

Sept. 
5 
5 

5  Oct. 
5 
5 
5 
5 
5 
5 
4 


26 

8 

27 

3 

1 

28 

24 

1 

12 

24 

5 

6 

10 

11 

12 

15 

19 

27 


12.3] 
12.8: 
12.7: 
12.6 
12  3 
10.8 
8.5 
8.273 
7.39., 
6.56, 
6.91, 
6.61, 
6.38, 
6.601 
6.57„ 
6.321 
7.0ll 
6.54, 


3013 
3015 
3017 
3019 
3020 
3027 
31135 
3058 


5704  RR  Librae. 
July 


Aus 


3 

5 
7 
9 
10 
17 
25 
17 


7.9 
8.3: 
8.03 
8.312 
8.522 
8.132 
.17° 
.99* 


8.172 


5761  ZScorpii. 

(Continued  from  308.) 

3013  July    3  11.0 

3017  7  11.28, 

3046  Aug.    5  10.65, 

3058  17  10.48, 

5830  R  Scorpii. 

3001     June  21     11.0 
3003  23     11.06, 

3011     July     1     10.321 


5830  1!  Sror/iii.  —  Cont. 


Mag. 


Julian 

301  7'' 

3030 

3037 

.",058 

3062 

301 13 


Calendar 

18114 

7 
20 


Aug. 


17 
21 
22 


10.29., 

10.82, 

10.92., 

11.87" 

12.2: 

12.2 


5831  S  Scorpii. 

(Continued  from  30S.) 


300  1 

3003 
3011 
3017 
3030 

3037 
3058 
3062 
3063 


June  21 
23 

July 


Aug. 


1 
7 
20 
27 
17 
21 
°2 


12.6 
12.52, 

12.50", 

12.89., 

11.3]" 

11.87, 

12.2:" 

12.2] 

12.5] 


5887  V Ophiuchi. 
(Continued  from  308.) 


3026     July  16 

3038 

3050     Aug. 

3063 

3078.5  Sept, 
3083.5 
3092.6 
3095.5 


9 
22 

6 
11 
20 
23 


9.66., 
9.3 
9.96„ 
10.31, 

9.8 
9.6 
9.7 
9.22., 


5931  S  Ophiuchi 

2983  June  3  12.0] 

3013 

3058 

3062 

3063 


July  3 

11.1 

Aug.  17 

11.6] 

21 

8.9: 

22 

8.4 

5950  WBerculis. 


2978 
3010 
3020 
3047 
3084 
3096 
3108 
3114 
3117 
3122 
3129 
3135 
3144 
3145 
3148 


May  29 
June  30 

July  10 

Aug.  6 

5  Sept.  12 


5  Oct. 

5 

5 

5 

5 

5  Nov, 

5 

5 

5 


24 
6 
12 
15 
20 
27 
2 

11 
12 
15 


13.1 
12.9 
12.4 
11.2 

8.90„ 
8.93; 
8.291 
8.33; 
8.17, 
7.95, 
8.071 
7.881 
8.22., 
8.50l 
8.65l 


coil  SHerculis. 
(Continued  from  311.) 


Julian    Calendar 

ll  1894 

3052  Aug.  11 
3068  27 
3077  Sept.  5 


3087.5 

3093.5 

3094.6 

3095.5 

3101.5 

3108.5  Oct. 

3114.5 


15 
21 
22 
23 
29 
6 
12 


Mag. 

8.65 

8.28., 
7.66., 
7.27; 
6.97, 

7.18.; 

6.85, 

7  22" 

1  — ,, 

7.12., 
7.90; 


6207  Z  Ophiuchi. 


3000  June  20 
3013  July  3 
3050  Aug.  9 
3065  24 
3078.5  Sept.  6 


3095.5 
3103.5  Oct. 
3108.5 
3120.5 
3134.5  Nov. 


23 
1 
6 

18 

1 


8.6 
8.93, 

9.76," 
10.6 
10.48, 
11.1  " 
11.75„ 
11.91. 
12.1  ' 
11.7] 


6512  THerculis. 


10.0 
9.2 
9.39„ 
8.61, 
8.23; 
8.94; 

13.6  ' 

13.8 

13.6 

11.3 

11.91 
9.85, 
9.70, 

9.61.; 

8.88, 
8.93, 
8.82, 
8.87, 

8.76., 
8.62., 
8.8O; 
9.30., 
9.06., 


6682  X Ophiuchi. 

(Continued  from  311.) 

2959  May  10  8.50o 

3072  Aug.  31  6.62., 

3087.5  Sept.  15  7.17, 

3096.5     24  6.86., 

3107.5  Oct.  5  6.99, 


2945  Apr. 

26 

2958  May 

9 

2962 

13 

2978 

29 

2992  June  12 

2998 

18 

3050  Aug 

9 

3065 

24 

3078.5  Sept 

6 

3092.6 

20 

3095.5 

23 

3121.5  Oct. 

19 

3129.5 

27 

3133.5 

31 

3137.6  Nov 

4 

3139.5 

6 

3144.5 

11 

3145.5 

12 

3148.5 

15 

3152.4 

19 

3155.5 

22 

3159.5 

26 

3160.5 

27 
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(  ompakison-Stabs. 

In  the  lists  of  comparison-stars,  V indicates  photometric  observations  by  Miller  and 
observed  with  the  meridian  photometer. 


KEMPF,  tliese  stars  having  sometimes  also  been 


5194  V  Boot  Is. 

5194  V  Bootis.  — Cont 

5 

438  Y Librae.— Cont 

6207  Z  Ophiuchi. 

B    +39°2764 

6.42 

0M 

X 

+39°2782 

10.117 

OM 

D 

-4°3818 

7.39 

2M 

E 

+  0°3690 

7.06 

IV 

E    +40°2785 

7.17 

6M 

2X 

+39°2785 

L0.12 

OM 

F 

-4°3855 

6.54 

1M 

\E 

+1°3421 

7.20 

OV 

IE    +39°2760 

6.83 

2M 

J 

-5°4034 

7.80 

•j 

E 

+0°3678 

7.79 

2V 

1G    +40°2808 

8.07 

OM 

5237  B  Bootis. 

X 

-5°4018' 

S.4  7 

2M 

X 

+1°3415 

8.44 

1M 

H    +40°2793 

8.87 

o 

Q 

+27°2413 

1.71 

6M 

P 

-5°4060 

8.02 

l.M 

IX 

+  lD:;iL':; 

8.83 

1 

I    +39°2778 

8.38 

2 

H 

-r-26°2592 

7.S7 

9 

'.' 

-4°3858 

9.23 

1M 

X 

+1°3418 

9.65 

4 

K    +40°2792 

9.1 1 

3 

I 

+28°2365 

7.54 

21 

".' 

-5°4029 

8.94 

3 

IX 

+1-3425 

9.82 

1M 

X    +39°2770 

9.38 

8 

1/ 

+28cL'.;<-.f, 

8.37 

17 

2Q 

-5°4038 

9.14 

5 

Z 

+  1  3420 

10.22 

5 

P    +40°2797 

8.8 1 

2M 

K 

+27°2404 

8. 1 2 

19 

R 

-5°4040 

8.69 

3M 

\y. 

+  1°3419 

10.66 

3 

Q    +40°2800 

9.53 

1M 

L 

+27°2396 

8.75 

21' 

S 

-5°4033 

9.81 

4 

t< 

8s         IE 

9.22 

2 

B     +  39°2774 

8.98 

5 

M 

+28°2368 

8.42 

7 

w 

-5°4031 

10.19 

5 

b 

3/          a 

10.71 

•» 

IB    +39°2777 

9.39 

1 

N 

+27°2403 

9.38 

22 

X 

-4°3843 

10.02 

3X1 

a 

3sl/       V 

10.72 

•  < 

S    +3902771 

10.20 

3 

Y 

-5°4028 

11.20 

4 

d 

\n.\p        V 

10.73 

5 

U    +39°2779 

L0.65 

1 

.".438  Y Librae. 

d 

UJ/1Q 

11.17 

•  > 

.'/ 

2*1/       V 

11.65 

1 

W    +29°2769 

9.92 

0M 

B 

-4°3840 

6.29 

l.M 

e 

2s         V 

11.38 

2 

ON   THE   PARALLAX   OF  B  CASSIOPEAE, 

By  S.  C.  CHANDLER. 


In  the  Bulletin  of  the  St.  Petersburg  Academy  (1894 
Oct.,  No.  2),  Mr.  K«")stin>kv  has  a  very  interesting  papei 
on  the  parallax  of  this  star.  As  I  happen  to  have  in  my 
desk  some  computations  bearing  on  the  same  subject,  a 
brief  note  upon  them  may  not  lie  out  of  place. 

Referring  to  A.J.,  XIII,  p.  65  foil.,  I  have  derived  for 
this  star,  after  correcting  for  the  428-day  term  of  the  lati- 
tude-variation, (see  table,  p.  66), 

Y  =    +0".224  ,  wt.  7  ;     Z  =    +0".194  ,  wt.  5 

Substituting  these  in  eq.  (28),  A.J.  XII,  p.  177.  we  find 

-0.198»  =   +o'.224  -jj  -0.851k         (wt.7) 

+0.853  ;r  =    +0.194   -t  -0.198  k         (wt.  5) 
which  give 

n  =   +0".132  +0.354/;  -1.090 £  +0.085 u 

Tliis  equation  shows  that  the  parallax  is  nearly  inde- 
pendent of  the  aberration.  Thus,  with  the  constant  20".500, 
we  have  u  =  +0".055;  and  the  correction  to  the  parallax 
of  only  +0",005.  Further,  whatever  values  of  ij  and  J 
are  assumed,  the  former  is  probably  positive  and  the  latter 
negative,  and  their  numerical  values  certainly  less  than, 
say,  0",15  in  each  case.  The  parallax  +0".132  conse- 
quently is  a  minimum  value,  from  these  observations.  If 
we  take  n  =  +0".104,f  =  -0".ol3,  found  on  p. 66  from 
all  of  Xyrex's  24  stars,  we  get  a  parallax  of  +0".181; 
which  accords  sufficiently  well  with  Kostixsky's  result 
from  the  same  observations,  +0".167. 

But,  besides  these  26  observations  of  Xykex  in  1880-81, 
and  Kostixsky's  35  observations  in  1891-93,  from  which 
he  gets  a  parallax  of  +0",14,  we  have  Stiu've's  37  obser- 
vations in  1841—42  with  the  same  instrument ;  and  these, 
it  seems  to  me,  ought  to  be  taken  into  the  account.  At 
the  bottom  of  p.  5S,  A.J.  XII,  I  have  found 

Cambridge,  1894  Dec.  24. 


Y  =    +0.049  +0.81.9  y   +0.2.:s-. 

Z  =   -0.215  -0.521y  +0.899* 

Substituting  these  in  eq.  (28)  we  find, 

-0.207  n  =  -Hb049  +0.869 y  +0.238* 


wt.  21 
wt.  13 


-0.851  u 


-0.215  -o.:.L'ly  +0.899*  — £  -0.207 


Wt. 

21 
13 


+  0.851  n  = 

which  give 

n  =  -0".251  -0.925y  +  0.864  s  +0.421v 

Here,  again,  the  parallax  is  nearly  independent  of  the 
aberration;  the  correction  corresponding  to  the  constant 
20".500  being  only  +0".007.  Whatever  values  we  attribute 
to  the  constants  of  the  latitude-variation,  within  reasonable 
limits  as  to  their  possible  values,  we  get  a  negative  paral- 
lax between  one-sixth  and  one-quarter  of  a  second.  For 
example,  with  the  two  sets  of  values  fory,  *,  r.  £,  on  pp.  58 
and  59,  we  have  the  parallaxes  — 0".173  and  — 0".262;  and 
from  those  furnished  by  eq  (52),  —  0".  194  ;  and  so  on. 

This  result,  therefore,  appears  to  me  to  throw  some 
doubt  on  the  conclusion  that  flCassiopeae  has  any  consider- 
able parallax;  for,  since  Stbuvts's  observations  must  be 
reckoned  with,  and  the  result  which  they  give  is  not 
notably,  if  at  all,  inferior  to  the  others,  the  combination  of 
all,  with  any  reasonably  assigned  weights,  would  not  give 
a  parallax  of  over,  say,  +0".05. 

As  to  Pbitchakd's  result,  one  can  not  be  blamed  for 
reserving  judgement  as  to  its  trustworthiness,  since  the 
apparent  presence  of  systematic  errors  in  his  work,  might 
easily  bring  down  his  assigned  value,  +0",154,  to  one-half, 
or  even  one-third. 

Nevertheless  Kostixsky's  results  have  a  significance 
which  requires  that  the  examination  of  the  star  should  be 
undertaken  by  differential  methods  of  observation. 


164 


THE     ASTRONOMICAL     JOURNAL. 


N°-  333. 


OBSERVATIONS   OF   THE   TRANSIT   OF   MERCURY,    1894   NOVEMBER   9,   10. 

MADE    AT     ITIK    CIIA.MI1KKI.1N    OBSERVATORY,    I'M  VK  ItSITY    PARK,    COI.O. 


The  following  observations  were  made  by  H.  A.  Howe,  with  tbe 
20-inch  equatorial,  having  a  power  of  220  on  a  polarizing  eye-piece; 
the  aperture  was  reduced  to  12  inches. 


Local  Mean  Time, 
li     in 

Nov.  '.i  20  .".7  2! 


>■> 


20  5S  49 

10    2  11  40 

2  13  22 


One-fifth,  or  one-sixth  of  planet's  diameter  al- 
ready on  the  sun. 
Second  contact. 
Third  contact. 
Fourth  contact. 


The  planet  was  looked  for  in  vain  before  first  contact,  and  after 
last  contact;  no  ring  of  light  was  seen  at  any  time.  Just  before 
second  contact,  the  definition  being  poor,  there  was  a  marked  black 
drop;  but  previous  experiments  with  an  artificial  Mercury  had  shown 
that  this  phenomenon  was  due  almost  entirely  to  bad  seeing,  and  the 
observer  found  that  better  definition  occurring  at  the  time  of  second 
contact  enabled  him  to  get  a  good  observation.  "Not  yet"  was 
noted  4s  before,  and  "past"  7' after  the  times  given  above  for 
second  contact.  Satellites,  shadings  on  the  planet,  which  was  nota- 
bly darker  than  the  umbras  of  the  sunspots,  and  evidences  of  an 
atmosphere  could  not  be  seen.  Dense  clouds  obscured  the  sun  before 
the  time  of  third  contact,  but  a  rift  came  at  the  proper  time,  and  the 
definition  was  superb,  the  planet  being  as  sharply  defined,  as  if  cut 
out  of  metal  with  a  punch.  For  some  seconds  before  third  contact 
there  was  a  slight  darkening  of  the  solar  surface  between  the  sun's 
limb  and  the  advancing  edge  of  Mercury,  and  two  or  three  seconds 
before  contact  a  very  minute  black  drop  formed.  The  uncertainty 
of  the  observation  of  internal  contact  did  not  seem  to  be  as  much  as 
three  seconds.     At  fourth  contact  there  was  a  trifling  undulation  of 


\ov.  9 

20 

57 

35 

20 

58 

..1 

10 

2 

11 

13 

2 

13 

3 

the  sun's  limb,  but  a  well  defined,  though  exceedingly  shallow  notch 
was  seen  at  the  time  noted.  Five  seconds  thereafter  the  planet  had 
certainly  disappeared. 

Observations  of  H.  E.  Russell. — Prof.  Russell  used  the 
six-inch  Grubb  equatorial,  with  a  power  of  99. 

Local  Mean  Tunc. 

ll      111      8 

Between  one-fourth  and  one-third  of  Mercury's 

diameter  was  on  the  sun. 
Second  contact:  no  black  drop. 
Third  contact:  thought  to  be  noted  too  early. 
Fourth  contact:  difficult  in  clouds. 

No  ring  of  light  was  seen  at  any  time,  and  Mercury  was  invisible 
when  off  the  sun's  disc.  Before  third  contact  the  black  drop  seemed 
to  form  suddenly,  and  contact  was  noted  soon  after.  "Not"  was 
noted  2s  before  second  contact,  and  "  past  "  4  after  contact.  "  Not  " 
was  noted  6"  before  third  contact,  and  "past"  26e  after  contact. 
'•  Past  "  was  noted  11s  after  fourth  contact. 

Observations  bt  Mrs.  II.  A.  Howe.  —  Mrs.  Howe  used  the 
five-inch  finder  of  the  20-inch,  with  a  power  of  120. 

The  seconds  of  the  morning  observations  were  lost;  the  chrono- 
graph pen  failed  to  work  properly. 
Local  Mean  Time. 


Nov.  10  2  11  39 
2  12  54 

2  13     3 


Third  contact:  no  black  drop. 

Fourth  contact :  notch  seen  again  however,  a  few 

seconds  afterwards. 
"Past." 


OBSERVATIONS   OF   THE   SATELLITES 

By  ORMOND  STONE. 
The  following  observations  were  made  with  the  twenty- 
six  inch  refractor  of  the  Leander  McCormick  Observatory. 
The  reductions  were  made  by  Mr.  H.  Y.  Benedict.  In 
each  case  Phobos  was  compared  with  Deimos.  The  angles 
given  are  the  means  of  two  comparisons  ;  the  distances  are 
double  distances,  except  those  of  Oct.  1,  which  are  each  the 
mean  of  three  single  distances. 

October  1,  1894. 


OF    MARS, 


Eastern  Time. 

V 

Eastern  Time. 

s 

h     -  m      s 

10  23  16 

13  22  12 

14  24  13 

65.1 
48.0 
39.9 

li       m   s 

13  36  9 
13  59  0 

99.6 

94.6 

Novembe 

•  1,  1894. 

Eastern  Time. 

P 

Eastern  Time. 

i 

s 

h       in      s 

O 

ll          111        s 

II 

8  17     9 

233.7 

8  25    8 

92.7 

11  16  40 

213.1 

8  32     9 

91.8 

11  45  42 

214.0 

11  29  26 

37.6 

12  54  20 

214.2 

11  35  30 

36.8 

12  21  42 

216.0 

12     4  44 

33.7 

12  10  52 

33.9 

November  4,  1894. 

Eastern  Time. 

V 

Eastern  Time. 

s 

ll          111        s 

12     0  52 
12  36     1 

56?0 
58.8 

h       in       s 

12  12     6 
12  20  38 

40.5 

40.8 

COMETS   1847  V  AND   1888  V. 

Letter  from  Mr.  Hind  to  the  Editor. 


You  will  remember  our  conversation  relating  to  the  orbit 
of  Comet  1847  V  (Brorskx  July  20)  which  you  gave  in  the 
first  volume  of  the  Astronomical  Journal.  That  orbit,  as 
you  remark,  left  decided  negative  errors  in  August,  especi- 


ally in  right-ascension,  and  you  did  not  consider  it  definite. 
I  have  now  carried  out  the  intention  I  expressed  to  you,  of 
ascertaining  what  effect  upon  the  period  of  revolution  the 
correction  of   those  errors  would  produce,  or  rather  the 
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tendency  of  it.  Making  use  of  a  position  founded  upon 
the  Altona  and  Hamburg  observations  of  July  21,  a  normal 
carefully  deduced  for  August  14,  and  the  last  observation 
at  Hamburg  on  September  12,  I  have  obtained  the  follow- 
ing orbit : 

1S47  Sept.  9.46190  Greenw.  M.T. 


T 

71 
i 


=     79     3 


1.6  I' 


log« 
logp 

Period 


309  53  34.6  ^  184=7 

19  10  16.0) 

77  43     0.5 
1.3295204 
9  9852342 

98.69  years. 


.0 


The  middle  place  is  thus  represented 

"(C-O)     J),  cosjj  =    +2".3,     J$  =   -0".3 

This  period  it  will  be  observed  is  greater  than  your  de- 
termination and  that  of  D'Akbest,  butless  than  Quisling's. 
Of  course  it  has  no  pretensions,  under  the  circumstances,  to 
be  considered  definite ;  and  probably  to  fix  the  period  as 
accurately  as  the  conditions  allow,  it  will  be  desirable  to 
reduce  the  observations  as  far  as  practicable  again  with  the 
best  positions  for  comparison-stars. 

In  the  above  orbit,  in  longitude  293°  45',  corresponding 
to  true  anomaly  213°  40',  the  comet's  distance  from  the 

3  Cambridge  Park,  Twickenham,  1894  Nov.  21. 


orbit  of  Jupiter  is  0.46,  perhaps  a  sufficient  indication  of 
the  cause  of  periodicity. 

I  avail  myself  also  of  the  present  opportunity  to  send 
you  an  orbit  of  the  comet  1888  V,  which  I  worked  out 
some  time  since,  expecting  to  obtain  a  result  not  very  dif- 
ferent from  that  published  by  Mr.  Searle  in  your  Journal. 
The  period,  however,  is  considerably  longer.  I  believe  the 
orbit  has  been  stated  to  be  under  definite  computation. 
My  elements  depend  upon  the  observations  at  Mt.  Hamil- 
ton, on  October  31 ;  Strassburg,  1889  January  27  ;  and  Dres- 
den, May  1. 

T  =  18SS  Sept.  12.81248  Greenw.  M.T. 

o         /         n 

n   =      68   24   17.1  ) 
Q   =  137  33     5.5  [  1888.0 
i  =     56  23  28.6  ) 
<£  =     83  19  55.87 
log  a   =   2.3542167 
logi>   =   0.4831)770 
Period  =      3398^.8 
For  the  middle  observation,  (C  — O), 
zttcosp1  =    +1".0,     40  =    +o".l 
In  this  orbit  we  have  also  a  near  approach   to  that  of 
Jupiter;  in  longitude  316°  the  distance  is  only  0.27. 

J.  R.  Hind. 


MEASURES  OF   THE   POLAR 


AND   EQUATORIAL   DIAMETERS   OF   MAES, 

By  C.  A.  YOUNG. 


The  following  measures  were  made  at  the  Halsted  Obser- 
vatory with  the  23-inch  equatorial  and  filar  micrometer. 
The  eyepiece  was  a  Steinheil  "  monocentric  "  giving  a  mag- 
nifying power  of  475.  On  both  nights  the  seeing  was  very 
fine  during  the  evening,  so  that  much  of  the  time  while  the 
measurements  were  going  on,  both  of  the  satellites  were 
conspicuous  with  the  planet  in  the  field. 

On  both  nights,  however,  clouds  or  fog  appeared  about 
midnight,  and  made  it  impossible  to  obtain  a  corresponding 
series  of  measures  after  the  planet  had  passed  the  meridian. 

Each  of  the  measures  was  a  "  double-distance,"  involving 
twelve  wire-settings;  and  during  the  observations  the  coin- 
cidence-point was  repeatedly  changed  in  order  to  obviate 
bias  in  the  readings  of  the  micrometer  head. 

The  position  circle  was  set  for  the  polar  and  equatorial 
diameters  according  to  Maktu's  ephemeris. 

The  measures  have  been  corrected  for  differential  refrac- 
tion, and  for  the  effect  of  a  very  slight  phase  on  the  planet's 
southern  limb;  in  no  case  however  did  the  total  correction 
exceed  0".011.  The  observations  were  made  on  Oct.  19th 
and  20th,  the  latter  being  the  date  of  opposition. 

The  difference  between  the  polar  and  equatorial  diame- 
ters comes  out  practically  insensible,  but  I  do  not  regard 
this  result  as  invalidating  the  slight  oblateness  (5|7)  de- 

Princeton,  X.J..,  1894  Nov.  23. 


duced  from  my  much  more  extended  series  of  observations 
in  1879,  as  the  loss  of  the  morning  observations  made  it 
impossible  in  this  case  to  eliminate  the  slight  systematic 
error  which  affects  my  measure  of  lines  of  varying  inclina- 
tion to  the  vertical. 

A  single  measure  was  made  of  the  diameter  lying  from 
N.YV.  to  S.E.  at  an  angle  of  45°  with  the  axis. 

The  mean  diameter  of  the  planet,  reduced  to  distance 
unity,  comes  out  !l".757.  This,  like  all  filar-micrometer 
measures,  is,  of  course,  too  large  on  account  of  irradiation  ; 
but  considering  the  steadiness  of  the  image,  and  the  rather 
high  power  employed,  which  prevented  all  sensation  of 
"glare,"  I  think  the  correction  must  be  small,  not  much,  if 
at  all,  exceeding  0".l. 


Measured  Reduced  to 

diameter,   dist.  unity. 


Polar  Diameter, 


Equat.  Diameter, 


Diam.N.\Y.toS.E.. 


Oct. 

19, 

( 1  1  22. 1  1 

9.768 

19, 

(2)  22.43 

9.764 

Oct. 

20, 

(1)  22.36 

9.746 

20, 

(2)   22. 2'. » 

9.716 

Oct. 

19, 

(1)  22.15 

9.773 

19, 

(2)  22. 12 

9.759 

Oct. 

20, 

(1 ,  22.38 

it  755 

20, 

(2)  22.42 

9.772 

Oct. 

20, 

22.39 

9.759 

9".748. 


9".765. 


General  mean  (red.  to  distance  unity)      9".  757 
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Prof.  liARXAkn' .liiiiincil  two  more  observations  of  this 
cornel  with  the  12-inch  equatorial  of  the  Lick  Observatory 
in  November,  hut  the  very  unfortunate  weather  hail  pre- 


vented him  from  securing  any  others  at  the  date  of  the 
latest  mail. 


1694  Mt.  Hamilton  .M.T 


Nov.  28     s  29  34 
30     7     1  10 


No. 
Comp. 


11'  ,   1 
11'.    I 


'-* 


Ja 


jS 


j?. 


's  apparent 


logpA 
for  a       i     ford 


+  0  40.49 

-0  46.64 


—9  44.5      22  41  28.97     -10  24  43.1 
-5  28.5      22  47     6.23     -  9  44  45.2 


9.438 

9.029 


0.796 
0.807 


Mean  Places  for  1894.0  of  Comparison- Stars. 


* 

a 

Ked.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

4 
5 

]i       m       s 

21'    Hi  45.49 
22  47  49.87 

+  2899 

+  3.00 

o         /         // 

-10  15  12.3 
-   9  39  30.8 

it 
+  13.7 
+  14.1 

Argent.  G.C.  31007 
\Y.  I'.ess.-l  XXII.  954 

Prof.  Ormond  Stone  obtained  another  position  with  the  26-inch  of  the  McCorniick  Observatory  of  the  University  of 

Virginia. 


1894  Local  M.T. 

* 

No. 
Comp. 

Ao.        | 

-* 
z/8 

6^'s  apparent 

8 

log 

for  a 

PA 

ford 

h       in       s 

Dec.  19     8     8  57 
8  30  18 

16 
5 

111          S 

-0  10.S0 

/       if 

-4  6.7 

h        in        s            |                o          ;            // 

23  39  48.82            ... 
...             -3  16  12.8 

9.436 

0.757 

Mean  Place  for  1S94.0  of  Comparison- Star. 

Red.  to  Red.  to 

app.  place  8  app.  place  Authority 


a  app.  place  8 

li      m      s  s  or" 

23  39  56.58       I       +3.04       I       -3  12  24.3  +18.2 


Munich  II,  13075 


From  the  positions  observed  at  Mt.  Hamilton,  Nov.  21 . 
at  the  Catholic  University  in  Washington,  Nov.  28,  and  at 
Northfield,  Dec.  14,  Kev.  G.  M.  Searle  deduced  parabolic 
elements,  which  represent  the  middle  place  within  15"  in 
longitude,  and  exactly  in  declination.     These  are 

T  =  1894  Oct.  22.2212  Greenw.  M.T. 

&    =     44°  25'  58* ) 
01   =   304  29  56  [  1894.0 
i  =       3  11  49) 
log  q   =   0.181690 
The  epliemeris  of  Dr.  Chandler  in  A.J.  331  represented 
the  comet's  course  very  closely.    A  continuation  from  Dec. 
30  on,  from   Searle's   elements,  was   distributed  by  Mr. 
Kitchie  on  Dec.  29,  as  a  Special  Circular  of  the  Science 
Observer.     This  follows. 


Ephemeris  for  Greenwich  Mean  Midnioht. 


App.  a 

App.  8 

log  A 

Brightn. 

1894  Dec.  30.5 

0     S  17 

+  0  16.0 

0.2123 

0.39 

1895  Jan.    3.5 

0  18  22 

+  1  30.3 

0.2275 

0.35 

7.5 

0  28  15 

+  2  42.5 

0.2426 

0.32 

11.5 

0  37  58 

+  3  52.7 

0.2577 

0.29 

15.5 

0  47  32 

+  5     0.8 

0.2727 

0.26 

Prof.  S.  J.  Brown  has  sent  an  observation,  made  Dec.  17, 
with  the  26-inch  telescope  of  the  Naval  Observatory, 

h       m  h       m      s  o       /         p 

Dec.  17  11  57.4  Gr.M.T.     «  =  23  34  17.18,    8=  -3  57  48.0 

The  apparent  place  of  the  comparison-star  as  determined 
with  the  Washington  meridian-circle,  Dec.  19,  is 


a   =   23''  34m  28.63 


-4°  3'  34".2 


NEW   ASTEROIDS. 

Four  more  small  planets  have  been  discovered  by  Charlois,  at  Nice.     Their  positions  are  given  as  follows: 


BJ    11  Nov.  24  12  56.6  Nice  M.T.  a  =  2  24  37.8,  8  =  -   1  57  3 
BK  13.5        "     30    9  19.0                                   4    7  16  +22  13 

BL    13.5  Dec.     1    9  53.0  4  53  16  +22  27 

BM  12  "      19    9  39.0  5  26    0  + 10  31 


Daily  motion,  —  36"  in  a,  and  4'  northward 

—  56"  "        "    4'  southward 
-60"  "        "    2'       " 

—  606  "        "    3'       " 
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OBSERVATIONS   OF   COMET  e  1894  (e.  svtiet), 

MADE    AT   THE    CIIAMBERI.IN   OBSERVATORY    (IF    THE    UNIVERSITY   OF   DENVER, 

By  HERBERT  A.  HOWE. 


1S94  Local  M.T. 

* 

No. 

Comp. 

Ja 

-* 

^'s  apparent 
a                        8 

log 
for  a 

PA 

for  (i 

h        in       s 

111          S 

*         a 

h        in      B 

o          /           it 

Nov.  29  8  l.s  50 

1 

10,10 

-1  31.55 

+  1    10.2 

9.394 

0.813 

Dec.  15  7  10  53 

2 

10,10 

+  0  11.44 

2  27.2 

23  20     6.09 

-4  36  10.2 

9.194 

0.784 

17  7  13  16 

;; 

II. (HI 

0.0 

0.2  IS 

0.770 

8     3  36 

3 

10.10 

+  0     5.33 

+  0  4o.i 

23  31  37.07 

-3  55     8.8 

o.  mi 

0.77.-. 

18  7  4i)   12 

4 

10,10 

+0     1.7.-) 

-3     1.2 

9.334     ii.::.-. 

19  7  54     7 

r, 

14 ,  10 

-2  33.41 

+5  43.2 

23  39  59.03 

-3  15     2.0 

9.383      0.771 

20  6  50  55 

6 

20,10 

+  0     3.23 

^2  49.4 

9.115 

0.772 

21  6  37  5S 

7 

in.  Ki 

+0     0.72 

+  2  4.!. 7 

23    1.".  10.78 

-2  36  23.3 

9.034 

0.770 

22  6  4'.)  41) 

8 

1.-..  10 

-0  26.50 

-1  44.3 

0.124 

0.7C7 

L'.-.  <;  4S  11 

9 

~> 

-1  50.1 

9.238 

0.759 

7     7  33 

9 

2 

+  0  18.19 

Mean  Places  for  1894.0  of  Comparison-Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

8 

w 

1 

22  45    12 

+  3.01 

-10     7.7 

+14.0 

SDM.  10°6003. 

2 

23  28  51.66 

+  3.00 

-   4  34       o.i 

+  17.4 

Comp.  with  Argent.  G.C.  31837 

;; 

23  34  28.80 

+3.00 

-  3  56       6.4 

+  17.8 

11"  com]),  with  Washington  star  of  Dec.  17. 

1 

2.-.  37  11 

+  3.00 

-   3  33.5 

+  17.9 

1  1 "  Anon. 

5 

23  42  29.40 

+  3.01 

-  3  21       3.4 

+  18.2 

Argent.  G.C.  32147  and  Yamall  10782 

0 

23  42  24 

+  2.00 

-  2  54.3 

+  18.2 

SDM.  3°5706 

7 

23  45     7.07 

+  2.99 

-   2  39     25.4 

+  1S.4 

SDM.  2°6047  comp.  with  A.G.C.  32259 

s 

23  48  17 

+  2.99 

-  2  16.6 

+18.5 

SDM.  2°6<>56 

9 

23  55  28 

+3.00 

-   1  16.3 

+  19.0 

10iM  Anon. 

ORBIT  OF   COMET  e  1894, 

By  S.  C.  CHANDLER. 


This  comet  presents  unusual  difficulty  in  the  attempt  to 
determine  its  form  directly  from  the  observations.  Indeed, 
the  eccentricity  is  practically  indeterminate,  even  a  parab- 
ola sufficing  to  represent  the  whole  observed  path  tolerably 
well.  The  following  elements  have  been  obtained  by  vary- 
ing the  ratio  of  the  distances  and  the  major  axis:  but  the 
adopted  value  of  the  latter  is  extremely  uncertain.  I  have 
nol  thought  it  worth  while  to  carry  the  approximation 
further  until  more  observations  are  at  hand.  Unless  these 
are  obtained  by  the  larger  telescopes,  after  the  present 
moon  is  out  of  the  way.  the  comet's  theory  must  remain  in 
a  very  imperfect  condition. 

Elements. 
T  =   1S04  Oct.  12.4365  Greenw.  M.T. 


SI 

i 

log  q 

e 


296   16  50.7  ) 
is  43  57.4     1894.0 
2  57  55.1  ) 
0.143727. 
0.56975 


Coordinates  for  the  Equator. 


x 

.'/ 
z 

X 


[9.999671]r  sin(  75  30  31.1  +  v)  ) 
[9.955892]  r  sin  (346  34     2.4  +  v)  [-1894.0 
[9.633979] r  sin (340  40  36.0 

[9.999670]  r  sin(  75°  3 1'  2l".3  + 
[9.955893]r  sin(346  31  53.3  + 
[9.633971]r  sin(340  50  22.2  + 


■0) 

')) 

•,     1895.0 


Following  is  a  comparison  with  all  the  observations 
which  have  come  to  hand,  excepting  one  or  two  designated 
by  the  observer  as  uncertain.  A  few  corrections  have  been 
applied  to  the  star-places  as  originally  published. 


Date 

O- 

-c 

1894 

J« 

JS 

Observer 

Place 

Nov.  21 

+0.01 

+   5.1 

Barnard. 

Mt.  Hamilton 

22 

-0.15 

-   2.3 

a 

a 

23 

-0.27 

-   5.3 

a 

(C                 cc 

25 

-1.01 

-    7.0 

Bigouxdan, 

Paris 

28 

-0.45 

-   0.1 

Searle 

Wash.  Cath.  Univ. 

28 

-0.03 

+   6.2 

Barnard, 

Mt.  Hamilton 

30 

-0.67 

-  8.9 

u 

tt 
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Date 

O- 

-C 

Date 

0- 

-C 

1894 

j,< 

JS 

Observer 

Place 

1894 

Ja 

Jo 

Observer 

Place 

Dec.     1 

-0.44 

+  5.:; 

Kobold, 

Strassburg 

Dec.  19 

-0.66 

-   8.4 

Stone, 

Charlottesville 

2 

-0.19 

-1.6 

Palisa, 

Vienna 

19 

-0.73 

+   4.0 

Howe, 

Denver 

14 

-0.30 

+  1.0 

Wilson, 

North  field 

21 

-0.93 

-   3.6 

tt 

it 

15 

-0.65 

+8.2 

Howe, 

Denver 

21 

+  0.40 

-  3.7 

Wilson, 

Northfield 

17 

-0.13 

-5.9 

Brown, 

Wash.  Naval  Obs. 

27 

-0.13 

-10.8 

tt 

« 

17 

-1.07 

-2.0 

Howe, 

Denver 

28 

+  1.11 

-   4.7 

tt 

tt 

18 

-0.26 

-2.8 

Wilson, 

Northfield 

OBSERVATIONS   OF   COMET  e  1894, 


MADE    AT   THE    GOODSELL   OBSERVATORY,    NORTHFIELD,    MINN.,    WITH  THE    16-INCH    REFRACTOR   AND    FILAR    Mil  UOMETEK, 

Bv  H.  C.  WILSON. 


1894  Northfield  M.T. 
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6 

9,5 

-0  11.01 

-4     8.2 

0     0  56.92 

-0  39     8.1 

9.229 

0.795 
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Mean  Places  for  1894.0  of  Comparison- Stars. 
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2 
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■  3 

23  45  43.58 
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+  18-4 

Micrometer  comparison  with  *4 
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23    19  12.76 

+  3.01 

-2  32     9.8 

+18-5 

Argent.  G.C.  32259 

5 

2:;  57  31.13 

+  3.01 

-1   29     0.1 
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Brussels  10774 

6 

0     1     4.92 

+3.01 

-0  35  19.3 
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Micrometer  comparison  with  5(c  7 
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0     0  42.20 
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-0  28     6.0 
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.8 

0     2  12.71 
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-0  24  38.1 

+  19..-. 

Micrometer  comparison  with  ^;9 

9 

0     2  23.64 
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-0  27  30.8 
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Schjellerup  6 

The  comet  was  exceedingly  faint  in  all  of  these  observations,  but 
on  Dec.  L>4  was  especially  difficult  to  observe.     It  was  lost  in  thin 


haze  before  the  observation  was  complete  on  that  date,  and  but  little 
weight  should  be  given  to  the  resulting  position. 
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THE   NEW   DUDLEY   OBSERVATORY. 

Uy  LEWIS   boss. 


Arrangements  for  rebuilding  the  Dudley  Observatory,  at 
Albany,  on  a  new  site,  were  perfected  nearly  three  years 
ago.  The  new  buildings  were  nearly  prepared  for  occu- 
pancy during  the  summer  of  1893,  though  the  instruments 
were  not  mounted  until  near  the  close  of  that  year,  nor 
arranged  for  regular  observation  until  still  later.  The 
former  location  was  abandoned  in  June,  L893. 

A  brief  statement  in  regard  to  this  new  establishment, 
which  lias  been  nurtured  to  the  present  time  by  the  gener- 
osity of  private  endeavor,  may  be  not  devoid  of  interest. 

The  disadvantages  of  the  former  location  of  the  Dudley 
Observatory  near  ;i  greal  railroad  which  skirted  the  hill  at 
a  distance  of  about  150  meters,  the  practical  inaccessibility 
of  the  site,  and  the  need  fin'  extensive  repairs  and  altera- 
tions in  buildings  and  instruments,  had  long  been  recog- 
nized. It  was  considered  by  all  concerned  that  removal  to 
a  new  site  might  result  in  advantages  which  would  fully 
justify  the  expenditure.  The  decisive  impulse  came,  how- 
ever,  in  April.  L892,  with  the  offer  by  Miss  Catherine  W. 
Bruce  of  New  York  City,  to  give  $25,000  for  additional 
endowment  of  the  institution  on  condition  that  the  ••  friends 
and  neighbors  of  the  Observatory"  should  secure  its  re- 
innval  to  a  new  and  better  site.  This  condition  was  promptly 
met,  and  the  promised  endowment  was  at  once  placed  in 
the  hands  of  the  Trustees.  In  1893  Miss  Bruce  assisted 
the  Observatory  with  a  further  contribution  of  $10,000,  of 
which  a  part  will  be  carried  to  the  credit  of  the  endowment 
fund.  To  defray  the  cost  of  the  new  Observatory,  contri- 
butions amounting  to  $24,123  have  been  received  from 
sixty-five  individuals,  nearly  all  of  whom  are  residents  of 
Albany.  The  city  of  Albany  gave  land  for  the  new  site 
and  $15,000  in  exchange  for  the  former  grounds  and  build- 
ings of  the  Observatory. 

Miss  Bruce  and  the  other  contributors  fully  understood 
that  their  assistance  was  intended  to  be  used  purely  in  the 
interests  of  scientific  investigation,  and  they  desired  this. 
Their  liberality  affords  another  illustration  of  the  manner 
in  which  private  endeavor  hastens  to  the  support  of  scien- 
tific research  in  a  country  where  the  higher  utility  of  such 


work  is  either  ignored  by  the  government,  or  is  very  im- 
perfectly understood. 

The  new  location  of  the  Dudley  Observatory  is  in  the 
western  part  of  Albaii}-.  The  new  dome  is  2478  m.  west, 
and  1134  m.  south  of  the  point  to  which  the  longitude  of 
the  old  Observatory  was  referred: 

zll  =   +  7S.25;     J<r  =   -36".7 

It  is  probable  that  the  adopted  longitude  of  the  old  Ob- 
servatory is  too  small  by  a  large  fraction  of  a  si ml.  as 

indicated    by  preliminary  reductions  of   a    longitude-cam- 
paign  undertaken    by  the  Coast   and    Geodetic  Surve 
part  of  the  trans-continental  chain  some  four   years 
The  Observatory  possesses  no  record  of  the  two  previous 
determinations  of  longitude;  but  the  difference  probably 
arises  from   failure  in  later  years  to  correct    the  longitude 
of  the  reference  station  in  New   York  City  for  the  results 
of  the  new  determinations  in  later  years  by  means  of  the 
Atlantic  cable.      It   is   proposed  to  devote  careful  attention 
to  the  astronomical  coordinates  of  the  new   Dudley  Observ- 
atory  in  the  future.     For  the  present  the  adopted  coordi- 
nates of  the  dome  attached  to  the  main  building  are: 
;.  =  4h  55m  7!;     <p  =  42°  39'  13" 

The  transit-circle  is  0".33  south  and  0M53  east  from 
the  dome. 

The  water-table  of  the  main  building  is  (>7.0  meters, 
above  mean  tide;  the  corresponding  altitude  of  the  center 
of  the  Olcott  meridian-circle  is  69.5  meters,  and  of  the  in- 
tersection of  the  polar  and  declination  axes  of  the  Pruyn 
equatorial  is  79.6  meters. 

The  tract  belonging  to  the  new  Observatorj  contains  six 
acres,  and  is  surrounded  by  a  larger  area  of  about  forty 
acres,  which  belongs  to  the  city  of  Albany,  and  is  designed 
to  form  part  of  the  system  of  parks.  The  horizon  is  unob- 
structed for  a  zenith-distance  of  86°  or  87° on  all  sides,  ami. 
for  the  most  part,  to  the  true  horizon.  The  city  lies  mainly 
to  the  eastward,  —  southward  from  the  old  Observaton . 
Thus  an  advantage  has  been  gained  in  this  respect.  At 
present   the   southern  meridian  of  the  transit-circle   passes 

(169) 


170 


T  H  E     A  S  T  RON  OM  J  C  A  I.     JOURS  A  L  . 


N"  334. 


over  the  open  country,  and  the  nearest   houses  to  the  north 
are  400  meters  distant. 

Tlie  main,  or  office  building,  is  situated  90  meters  from 
a  suburban  street  known  as  Lake  Avenue.  This  building 
is  of  brick.  Its  length  is  20.7  meters,  width  10.7  meters. 
It  is  two  stories  in  height,  with  a  high  attic.  The  archi- 
tecture is  Romanesque,  of  a  pleasing,  though  simple  style. 
The  tower  for  the  equatorial  is  attached  to  the  western 
corner,  — the  azimuth  of  the  front  of  this  building  being 
S.  MS"  3'  W.j  parallel  with  Lake  Avenue.  The  prevailing 
winds  in  clear  weather  are  from  the  west.  The  dome  is 
6.4  meters  in  diameter;  the  center  of  the  equatorial  is 
only  about  one  meter  higher  than  the  ridge  of  the  roof  of 
the  office  building.  This  building  contains  a  room  9  m.  by 
5m.  for  the  library,  the  director's  office,  a  convenient 
and  well  lighted  computing-room,  an  interior  room  for 
the  clocks,  and  two  small  rooms  for  the  janitor.  On  the 
second  floor  are  lodging  rooms  for  the  assistants,  a  well- 
lighted  laboratory,  and  a  computing  room.  Connected  with 
this  building  by  a  corridor  to  the  northward  is  the  dwell- 
ing for  the  astronomer,  built  in  a  style  similar  to  the 
i  diservatory. 

To  the  eastward  of  the  main  building,  53  meters  distant 
from  the  dome,  is  the  Transit-Circle  house.  This  building 
measures  7.3  meters  from  north  to  south,  and  (>.7  meters 
from  east  to  west.  The  instrument  is  0.3  m.  to  the  north 
of  the  center  of  the  building.  The  collimator  piers  are 
placed  in  small  extensions  to  the  north  and  south  of  the 
principal  room.  The  framework  of  this  building  is  of 
iron,  very  strongly  made,  and  securely  anchored  to  the 
.stone  foundation.  This  framework  is  covered  on  the  in- 
side with  corrugated,  galvanized  iron,  on  the  outside  with 
wooden  louvre-work,  bolted  on  in  panels,  to  facilitate 
removal  for  repairs.  Between  the  coverings  is  an  air-space 
of  about  0.15  m.  The  ridge  of  the  roof  is  in  the  meridian, 
and  the  roof  is  constructed  in  six  sections,  three  on  each 
side.  These  sections,  by  a  simple  mechanism,  may  be 
drawn  away  from  the  meridian  on  each  side,  leaving  an 
open  space  for  observation  of  any  desired  width  up  to  1.7 
meters.  At  the  same  time  the  space  at  the  top  of  the  side 
and  gable  walls,  always  open  for  ventilation,  is  increased. 
When  closed  the  sections  are  securely  locked  together  by  a 
simple  device.  Convenient  means  for  adjusting  the.  junction 
of  the  sections  at  any  time  are  provided ;  but,  thus  far, 
owing  to  the  accurate  construction  and  rigidity  of  the  frame- 
work, it  has  not  been  necessary  to  make  use  of  this  device. 
The  outside  covering  of  the  roof  is  of  wood,  with  a  well- 
ventilated  air-space  between  it  and  the  inside  lining  of 
corrugated  iron.  This  roof  has  proved  to  be  absolutely 
weather-tight,  and  perfectly  secure  in  the  strongest  gales 
we  have  experienced.  It  is  operated  quickly,  and  with  less 
expenditure  of  force  than  is  usually  required  for  shutters 
alone. 


The  mass  of  tin-  greal  piers,  clothed  in  felt  and  wood, 
affects  the  temperature  of  the  room  somewhat  during  periods 
of  rapid  change,  but  the  difference  of  temperature  between 
this  room  and  a  carefully  exposed  external  thermometer 
i;nel\  amounts  tol°C,  even  when  the  room  remains  closed 
all  day. 

The  Transit-Circle  is  the  same  that  was  provided  in 
1857  for  the  old  »  Ibservatory  by  the  first  director,  Dr.  B.  A. 
Gould,  and  is  known  as  the  "Olcott  Meridian-Circle." 
This  new  building  was  provided  for  by  a  special  contri- 
bution from  the  three  sons  of  the  late  Thomas  W.  Olcott, 
in  honor  of  whom  the  circle  was  named.  This  instrument 
has  been  described  in  Vol.  I  of  the  Annals  of  the  Dudley 
Observatory.  A  condensed  description  is  contained  in  tic 
introduction  of  the  Albany  Zone-Catalogue  ( '  'atalog  der 
Astronomischen  GeseUschaff).  The  construction  of  this  in- 
strument is  of  great  excellence.  The  efficiency  of  a  large 
Transit-Circle  in  differential  observations  of  faint  objects 
would  be  generally  conceded.  But  when,  as  in  this  case,  the 
aperture  is  0.203  m.,  and  the  focal  length  3.0  m.,  it  might 
be  regarded  as  too  large  for  the  best  results  in  the  more 
refined  classes  of  observation.  This  surmise,  appears,  how- 
ever, to  rest  on  suspicion  rather  than  upon  demonstration. 

Taking  advantage  of  this  opportunity  some  changes, 
principally  in  the  accessories  of  the  circle  have  been  intro- 
duced. The  old  microscopes  have  been  shortened,  and 
provided  with  new  objectives.  The  effective  magnifying 
power  of  these  new  microscopes  is  36  diameters,  whereas  it 
was  formerly  but  22  diameters.  The  ease  and  precision  with 
which  the  circle  readings  can  now  be  obtained  is  decidedly 
increased.  Under  good  conditions  the  probable  error  of  a 
single  bisection,  carefully  made,  is  ±0".16,  or  for  the  mean 
of  four  microscopes  ±0".08. 

The  entire  instrument  has  been  cleaned  and  relacquered. 
New  transit  and  zenith-distance  threads  have  been  inserted. 
The  intervals  on  each  side  from  the  central  thread  of  the 
transit-reticule  are,  approximately,  30s.l,  248.4,  20s.l.  17'.6, 
l.V.O,  78.9,  56.0  and  2".5.  There  are  threads  at  45s,  not  ordi- 
narily used.  The  change  from  the  former  arrangement  of 
equal  intervals,  with  spaces  which  were  multiples  of 
the  intervals,  was  made  for  the  purpose  of  breaking  up 
rhythm  in  the  registry  of  transit,  of  securing  a  wider  inter- 
val between  groups  for  attending  to  the  adjustment  of  the 
eyepiece  and  to  the  zenith-distance  bisection,  to  make  pos- 
sible the  recognition  of  groups  on  the  chronograph-record 
in  case  of  broken  transits,  and  to  facilitate  observation  by 
the  eye-and-ear  method. 

The  piers  which  support  the  pivots  are  great  monoliths 
of  hard  limestone,  which  are  wider  than  the  diameter  of 
the  circle,  and  extend  above  them.  The  microscopes  are 
inserted  through  holes  perforated  in  the  stone.  This  form 
of  mounting  seems  to  possess  great  advantages,  if,  indeed, 
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it  be  not  positively  preferable  to  any  other  existing  form. 
These  piers  are  the  same  which  were  used  at  the  old  Ob- 
servatory, but  in  order  to  accommodate  them  to  the  short- 
ened microscopes,  sections  were  removed  from  t  be  corners  to 
2.2  m.  from  the  top,  0.33m.  in  width,  and  0.27  m.  in  depth. 

Tl Mitral   part  of  the   pier  is  of  the  original  thickness, 

0.6m.,  from  east  to  west.  The  foundation  of  the  instru- 
ment was  carried  to  a  point  5  meters  below  the  original 
surface,  where  a  moist  bul  compact  blue  elay  was  en- 
countered. Borings  of  two  meters  deeper  indicated  that 
the  stratum  is  homogeneous  to  that  depth  at  least.  The 
lowest  foundation  consists  of  a  well-made  bed  of  concrete, 
3.5m.  in  length,  3.0  m.  in  width,  and  0:7m.  in  thickness. 
The  dimensions  of  the  pier  of  heavy  masonry  above  this 
are  2.5m.  by  L.8m.;  and  there  is  a  capstone  0.3  m.  in  thick- 
ness of  the  full  dimensions  of  this  foundation-pier,  upon 
which  the  supporting  piers  rest.  Upon  the  top  of  the  con 
Crete  foundation  around  the  pier  is  laid  a  drain  of  agri- 
cultural tile  surrounded  by  broken  bricks,  sand  and  other 
material.  This  tile  drain  discharges  into  another  which  is 
carried  off  with  a  good  fall,  down  the  slope  to  the  north. 
The  collimator  piers  and  the  foundation  walls  of  the  build- 
ing are  drained  in  like  manner.  A  wide  space  about  all 
the  piers  and  exterior  walls  is  filled  in  with  clean,  sharp 
sand,  for  drainage  purposes,  and  also  as  a  protection  against 
frost  and  surface  vibrations.  The  piers  are  laid  in  Port- 
land cement,  and  the  surfaces  below  ground  are  heavily 
coated  with  the  same.  During  a  year,  siuce  the  circle  was 
mounted,  its  stability  seems  to  have  been  all  that  could 
have  been  anticipated;  but  final  judgement  on  this  point 
must  be  reserved  until  tests  of  more  thorough  and  perfect 
quality  have  been  applied  for  a  longer  time. 

The  old  collimators  were  much  too  small — aperture, 
1.5  em.  Nevertheless,  one  of  them  has  been  retained 
tin-  the  north  collimator-pier.  On  the  southern  pier  is 
mounted  an  objective  made  by  John  A.  Bkashear  of 
Allegheny.  The  free  aperture  of  this  is  21  cm.,  and  the 
focal  length  is  SO  meters.  The  pier  at  the  principal  focal 
plane  of  this  objective,  for  the  support  of  the  meridian 
mark,  has  been  constructed  in  a  solid  manner,  and  placed 
within  a  simple  shed  for  protection  from  the  weather. 
The  mark  itself  is  not  yet  fastened  to  the  stone;  a  temporary 
substitute  is  used  at  present.  This  mire-objective  is  of 
good  defining  quality. 

In  remounting  the  circle,  especial  attention  was  given  to 
the  arrangement  and  adjustment  of  the  tracks  for  the  re- 
versing and  reflection  carriages.  These  run  through  continu- 
ously from  one  collimator  pier  to  the  other.  The  instrument 
can  be  reversed  with  ease  and  safety  within  less  than  three 
minutes  ;  though,  as  a  matter  of  precaution,  it  is  considered 
advisable  to  take  more  time  at  night,  when  the  illumination 
of  the  room  is  dim.  Thus  it  is  really  practicable,  and  now 
customary,  to  measure  the  collimation  of  this  instrument 


by  reversal,  either  on  the  mire,  on  the  nadir,  or  upon  stars. 
The  results  from  the  various  methods,  in  comparison  with 
that  from  opposing  collimators,  show  satisfactory  agreement; 
but  no  sufficiently  rigid  tests  have  been  applied  as  yet. 
Reflection  observations  are  possible  t<>  zenith-distance  56°. 
Great  care  was  exercised  in  the  transportation  of  the 
Olcott  meridian  circle  from  the  old  to  the  new  <  (bservatorj . 
and  in  its  subsequent  shipment  to  Cleveland,  Ohio,  to  be 
cleaned  and  relacquered.  In  this  latter  shipment  the  cir- 
cles were  not  included.  Yet,  as  the  road  from  the  old  ob- 
servatory  is  extremely  rough  (not  reallj  a  road  at  all),  and 
as  the  packing  may  have  been  less  skillfully  accomplished 
than  it  should  have  been,  some  natural  curiosity  existed  as 
to  the  possible  effects  of  this  transportation.  Valuable  in- 
formation on  this  point  has  been  afforded  by  thenewinves 
tigation  for  division-correction  and  flexure  of  the  circles, 
which  is  in  progress.  The  flexure  and  division-correction 
of  the  circles  were  investigated  in  L879.  Referred  to 
zenithal  readings  in  the  position  in  which  the  circles  have 
been  used,  the  following  comparison  results. 


Circle  A.  (1S79), 
(1894), 

Circle  P.,  (1879), 
(1S04). 


-0".32  sin-  +  O".02  cos.i 

-o  .L'7  sin-  +0  .63  cos.- 

-0".66  sin-.  +  0".60  cos- 

—  0  .07  sin.-,  +0  .44  cos.- 


The  later  determination  is  far  more  complete,  and  is  pre- 
sumably, more  accurate.  The  two  flexure  determinations 
for  circle  A  may  be  considered  as  practically  identical. 
The  difference  for  circle  B  is  larger  than  could  fairly  be 
attributed  to  errors  in  the  determinations,  and  may  indi- 
cate that  this  circle  has  undergone  a  very  slight  change  of 
form,  minutely  disturbing  the  former  distribution  of  weight. 
In  a  different  form,  the  two  determinations  for  circle  B  are. 

(1879),     0".89  sin(137".7+«) 
(1894),     0  .80  sin  (140  .7  +  2) 

Evidently,  if  any  shock  has  been  suffered  by  this  circle, 
the  resulting  change  has  been  very  slight.  The  subjoined 
table  exhibits  a  comparison  of  the  corresponding  results  lor 
division-correction  for  what  have  been  termed  the  standard 
graduations  in  this  investigation.  The  results  for  15°  and 
75°  in  1894,  are  still  subject  to  a  slight  revision.  The  cor- 
rections refer  to  the  mean  of  four  microscopes. 

Division-Correction. 


( lircle  A. 

(in 

le  15. 

1879 

in:  il 

1879 

1894 

o 

0 

o'.oo 

0.00 

o".oo 

0.00 

15 

+0.31 

+0.30 

+  0.05 

-0.04 

30 

+  0.07 

+  0.03 

+  0.18 

+  0.10 

45 

+  0.78 

+  0.60 

+  0.09 

—0.02 

60 

+  0.70 

+  0.44 

+  0.00 

-  0.09 

75 

+0.60 

+  0.44 

+  0.03 

—0.06 
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The  average  probable  error  of  the  final  results  in  1S79 
is  about  ±0".04,and,  in  1X94,  ±0".02.  Thenominal  proba- 
lib'  errors  are  smaller.  The  differences  are  manifestly  sys- 
tematic. For  circle  B,  they  are  extremely  uniform  and 
could  be  explained  simply  by  supposing  that  the  gradua- 
tions at  0°  offer  a  slightly  altered  phase  under  the  new 
microscopes.  In  linear  measure  upon  the  circle,  the  discrep- 
ancies for  circle  1">  in  no  case  exceed  0.00025  mm.  (0.00001 
inch).  Fur  circle  A.  the  discrepancies  are  larger,  and  are 
confined  to  the  second  octant.  These  discrepancies  are.  in 
fact,  larger  than  can  fairly  be  ascribed  to  the  accidental 
errors  of  determination;  though  in  linear  measure  on  the 
circles  they  do  not  exceed  0.0006  mm.  (^J,,,,  of  an  inch)  in 
am  case.  Difference  of  phase  under  the  new  microscopes 
seems  tn  offer  the  more  likely  explanation  of  the  discrepan- 
cies; though  for  circle  A  there  may  have  been  a  slight  dis- 
tortion in  the  form  of  the  circle  as  the  result  of  shock. 

The  Observatory  has  been  provided  with  a  new  equato- 
rial. The  funds  for  this  having  been  supplied  by  the  sons 
of  the  late  Robert  H.  Prdyn,  formerly  President  of  the 
Observatory  trustees,  it  has  been  denominated  the  Pruyn 
Equatorial.  The  contract  for  this  instrument,  upon  terms 
very  liberal  to  the  Observatory,  was  undertaken  by  Warner 
and  Swasev  of  Cleveland,  Ohio.  Under  this  contract,  the 
optical  parts  were  furnished  by  John  A.  Brashear,  of 
Allegheny.  The  clear  aperture  of  the  telescope  is  31  cm ; 
the  focal  length  of  the  visual  combination  is  4.57  m.  and 
of  the  photographic  lenses  about  4.1  m. 

The  pillar  upon  which  the  telescope  rests  is  of  cast  iron 
in  two  sections.  The  lower  section  spreads  rapidly  at  the 
base,  which  measures  1.5  m.  by  1.0  m.,  and  is  0.45  m.  below 
the  floor  of  the  dome.  This  hollow  iron  pier  is  firmly 
anchored  through  the  cap-stone  to  the  brick  pier  below. 
The  running  mechanism  of  the  dome,  with  triple  conical 
wheels,  was  made  by  Warner  aud  Swasey  ;  the  super- 
structure is  of  steel  ribs  and  galvanized  iron  covering. 
This  dome  works  with  great  ease,  in  singular  contrast  to 
the  unmanageable  turret  of  the  old  Observatory,  and  it  has 
continued  to  be  satisfactory  up  to  the  present,  without  re- 
quiring repairs,  adjustment  or  alteration. 

The  construction  of  the  objectives  differs  somewhat  from 
the  usual  type.  In  both  combinations  the  flint  lens  is  placed 
in  front.  The  crown  lens  is  common  to  both.  The  inner 
surfaces  have  a  much  deeper  curve  than  the  outer.  Each 
lens  is  mounted  in  its  own  separate  cell.  These  cells  are 
beautifully  fitted  and  hold  the  respective  lenses  of  the  two 
combinations  in  perfect  adjustment  relative  to  each  other. 
The  advantages  of  this  arrangement  are,  that  the  objectives 
may  be  taken  apart  and  cleaned  at  any  time  with  ease  and 
safety,  and  the  exchange  of  combination  can  be  effected 
within  a  few  minutes  and  without  undue  apprehension. 
When  the  exchange  is  made  from  visual  to  photographic 


combination  a  section  of  the  tube  24cm.  in  length  is  also 
removed.     The  tail-piece,  the  micrometer,  the  camera,  the 

cell  of  the  crOWD  lens,  and  the  section  of  tube  previously 
mentioned,  are  each  fastened  in  place  expeditiously  and 
firmly  by  a  device  similar  to  that  employed  in  locking  the 
breech  of  a  Krupp  gun.  corresponding  octants  of  the  screw 
and  nut  having  been  removed,  so  that  a  turn  of  45°  suffices 
to  clamp  the  piece  firmly  in  place. 

The  objectives  have  been  tested  only  in  a  casual  way  as 
yet.  The  definition  and  color  of  the  visual  combination 
seem  to  be  excellent.  The  spherical  aberration  is  inappre- 
ciable ;  dispersed  light  is  notably  absent.  The  latter  point 
received  special  attention  from  Prof.  C.  S.  Hastings  of 
Yale  University  who  designed  the  lenses.  The  result  is  a 
very  dark  field  even  in  regions  rich  with  stars.  Thus  very 
faint  objects  near  bright  stars  are  especially  well  seen.  In 
the  parts  of  the  sky  less  exposed  to  sky-illumination  from 
neighboring  electric  lamps,  faint  nebulas  and  comets  are 
well  shown.  In  a  fine  night  (not  very  frequent  in  the  Hud- 
son River  Valley),  any  object  as  bright  as  the  thirteenth 
magnitude  can  be  measured  in  position  with  wire-illumina- 
tion of  the  micrometer.  A  few  tests  upon  double  stars 
indicate  that  the  defining  power  of  the  telescope  is  fully 
up  to  the  standard  required  for  a  telescope  of  this  size. 
The  photographic  combination  has  received  only  an  inci- 
dental preliminary  test  as  yet.  It  is  believed  to  be  of  good 
quality.  The  flint  lens  of  this  combination  is  of  American 
manufacture  ;  the  glass  is  exceptionally  free  from  color  and 
other  defects. 

The  tube  of  the  telescope  is  of  steel  and  is  very  stiff. 
No  appreciable  flexure  can  be  predicated  from  the  measure- 
ments thus  far  made.  This  promises  great  advantage  for 
photographic  work  in  the  future.  The  ocular  end  of  the 
tube  is  nearly  0.5  m.  shorter  than  the  objective  end.  The 
finder-telescope  is  of  8  cm.  aperture  and  of  excellent  quality. 
There  is  also  another  telescope  attached  to  the  main  tube 
carrying  an  excellent  objective  of  11.5  cm.  aperture  and 
4  meters  focal  length.  This  is  provided  with  a  rough  mi- 
crometer, with  motions  in  two  directions  for  shifting  the 
cross-threads  to  a  distance  from  the  line  of  collimation. 
This  is  the  guide-telescope,  to  be  used  in  connection  with 
photographic  work. 

The  axes  are  provided  with  the  coarse  setting-circles  now 
everywhere  customary.  The  fine  circle  in  hour-angle  reads 
to  5",  and  in  declination  to  1'.  The  obvious  advantage  of 
this  is  that  short  verniers  may  be  employed  ;  the  whole  of 
the  vernier  is  seen  at  once  without  shifting  the'  reading 
glasses  ;  and  the  reading  to  1',  which  is  accurate  enough  for 
purposes  of  identification  in  ninety-nine  cases  out  of  a 
hundred,  can  be  made  with  certainty  at  a  glance,  and 
with  less  danger  of  mistake  than  with  a  more  complicated 
vernier.  If  more  precise  results  are  required,  the  readings 
can  be  made  by  estimation  within  probable  errors  of  less 
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than  1".0  and  15",  as  has  been  actually  shown  more  than 
once  in  measures  for  position  of  the  polar  axis,  and  other 
instrumental  errors.  In  these  latter  measures  at  various 
zenith-distances  and  hour-angles,  gratifying  proof  of  the 
accurate  working  of  the  instrument  and  of  its  bearing  sur- 
faces has  been  obtained.  No  inexplicable  anomalies  have 
appeared. 

The  clamps  and  slow  motions  of  this  telescope  have  re- 
ceived careful  attention  with  g 1  results.     By  an  ingenious 

arrangement  of  sleeve  gears  the  slow  motion  in  hour-angle 
has  been  carried  to  the  end  of  the  declination-axis  opposite 
the  telescope.  The  lost  motion  is  surprisingly  small,  and 
this  clamp  is  as  firm  as  that  in  declination.  This  is  of 
r  convenience  in  all  classes  of  observation. 

The  counterpoise-weights  on  the  declination-axis  are  three 
in  number,  and  are  threaded  upon  a  large  bronze  screw 
which  is  itself,  a  sleeve  upon  the  heavy  steel  rod  in  pro- 
longation of  the  axis.  The  counterpoising  of  the  telescope 
in  all  respects  offers  no  difficulty  whatever. 

The  driving  clock  has  a  rotary  pendulum.  It  is  placed 
within  the  east-iron  pier  which  supports  the  telescope. 
The  driving  worm  engages  in  a  complete  wheel,  protected 
from  dust  by  a  luass  shield.  Winding  of  the  clock-weight  ap- 
pears to  have  no  influence  upon  the  going  of  the  clock,  which 
works  well.     Critical  tests  of  this  clock  remain  to  be  made. 

The  position-micrometer  is  of  the  general  type  usually 
provided  by  Waenek  and  Swasey.  It  is  illuminated  by 
small  incandescent  lamps,  from  the  side  as  well  as  the  end. 
The  fixed  plate  carries  two  sets  of  threads  at  right  angles  ; 
the  longitudinal  threads,  five  in  number,  at  intervals  of 
about  8"  are  for  transits.  The  movable  frame  carries  threads 
perpendicular  to  these.  The  micrometer-threads,  and  those 
parallel  with  them  on  the  fixed  plate,  are  arranged  in  pairs 
of  width  varying  from  10"  to  57".  This  arrangement  facili- 
tates differential  comparisons  of  faint  objects.  Any  object 
which  can  be  steadily  seen  in  dark  field  can  be  measured 
in  position  with  illuminated  wires  with  a  fair  degree  of 
accuracy.  M\  means  of  carbon  rheostats  the  illumination 
can  lie  regulated  to  any  required  degree  of  brightness  with 
great  nicety  of  gradation.  Opposite  the  side  lamp  is  a 
highly  polished  mirror  ;  thus  the  longitudinal  threads  are 
illuminated  from  both  sides.  This  arrangement  is  not 
readily  practicable  for  the  micrometer-threads.  The  mi- 
crometer screw  is  bolted  to  the  movable  frame  and  the  head 
works  upon  this  as  a  nut.  The  screw  has  about  20  threads 
to  the  centimeter  and  is  6.8  mm.  in  diameter.  The  approxi- 
mate value  of  one  revolution  is  22".85.  So  far  as  the  ex- 
amination has  yet  proceeded,  there  is  no  appreciable  varia- 
tion of  this  value  through  a  range  of  oO  revolutions. 

A  chronograph  by  Warner  and  Swasey  is  in  use  with 
the  Fruvn  equatorial. 

This  telescope  has  been  in  active  use  since  18!»4  March 29, 
when  the  position-micrometer  was  received.     In  the  interval 


from  that  time  to  1894  Dec.  22,  upwards  of  one  hundred 
positions  for  comets  and  small  planets  have  been  obtained 
through  the  use  of  this  telescope. 

The  ( tbservatory  has  three  astronomical  clocks,  all  of 
which  were  in  use  at  the  old  observatory  for  many  years. 
The  two  clocks  employed  in  observation  are  mounted  upon 
massive  piers  in  the  small  interior  room  provided  for  the 
purpose  in  the  main  building.  This  room  was  especially 
planned  to  secure  uniformity  of  temperature,  and  appears 
to  serve  its  purpose  well.  Very  particular  attention  has 
been  given  to  secure  a  rigid  support  for  the  pendulums, 
under  the  idea  that  this  point  is  of  the  first  importance. 
The  use  of  mercury  contacts  for  these  clocks  has  been  dis- 
carded. Platinum  points,  upon  wires  suspended  by  delicate 
springs,  of  which  the  suspension-points  are  at  the  same 
height  as  that  of  the  pendulum,  rest  upon  the  latter  alter- 
nately throughout  its  period  of  oscillation,  except  for  an  in- 
stant at  the  middle  of  the  arc,  when  both  points  are  held 
off  by  projecting  pins,  delicately  adjusted  by  tine  screws. 
This  arrangement  has  worked  well  thus  far.  The  effect 
upon  the  amplitude  of  oscillation  appears  to  be  minute  if 
not  inappreciable,  and  no  disturbance  of  the  rate  has 

detected. 

The  library  is  valuable,  and  has  been  growing,  in  spite 
of  our  inability  to  make  adequate  returns  to  the  numerous 
institutions  which  have  constantly  favored  this  Observatory 
by  sending  their  publications  to  enrich  its  library. 

An  Observatory  like  this,  of  limited  material  resources. 
cannot  promise  an  elaborate  programme  of  work.  It  may 
be  proper  to  state,  however,  that  the  logic  of  events  and 
inclination  invites  this  Observatory  to  undertake  the  com- 
prehensive observation  and  discussion  of  stars  known  to 
have  sensible  proper  motion.  In  this  connection  our  warm- 
est acknowledgements  are  due  to  the  Board  of  Directors  of 
the  Bache  fund  of  the  National  Academy  of  Sciences, 
which  has  granted  two  successive  appropriations  of  S1000 
each  in  aid  of  the  preliminary  work  upon  the  stars  having 
proper  motion.  For  the  past  three  years  I  have  given  much 
time  and  study  to  the  collation  of  material  and  to  computa- 
tions as  a  foundation  for  the  proposed  discussion.  An  in- 
dependent determination,  by  observations  with  our  transit- 
circle,  of  the  positions  of  the  principal  stars  has  been 
virtually  decided  upon  as  likely  to  afford  a  desirable  basis 
in  part  for  the  proposed  observations  of  the  stars  with 
proper  motion.  The  division  and  flexure-error  investiga- 
tion, now  in  progre>>.  is  designed  as  the  first  active  step  in 
this  work.  Work  with  the  equatorial  must  necessarily  re- 
main subordinate  to  this  laborious  undertaking  :  though  it 
is  expected  that  our  zealous  young  assistants  will  continue 
to  give  a  good  account  of  themselves  in  work  with  this  in- 
strument, so  far  as  circumstances  permit. 

The  removal  of  the  Dudley  Observatory  to  a  better  site. 
together  with  the  improvement  in  equipment  and  substantial 
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increase  in  resources  for  support,  seems  to  assure  Eor  it  a 
measureable  certainty  of  permanent  activity  which,  it  must 
be  confessed,  it  did  not  formerly  enjoy.  Though  the  means 
for  support  of  astronomical  work  at  the  Dudley  Observatory 


are  still  slender,  it  is  quite  certain,  at  least,  that  these 
means  will  be  carefully  conserved  to  the  end  for  which 
they  were  intended  —  the  promotion  of  astronomical  inves- 
tigation. 


OBSERVATIONS  OF   COMET  e  1894  (e.  swift), 

This   very   taint   comet  was   observed    L894  Dec.  31,  by  Prof.  H.  A.  Howe,  at  Denver,  Colorado,  and  Dr.  H.  C. 
Wilson,  al   Nbrthfield,  Minn.     Prof.  Howe's  observation  is 


1894  Denver  M.T. 
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The  comparison-star  was  10>^M,  and  preceded  Bessel's  by  3m  15M0,  at  1'  38".7  south. 
Moonlight  and  a  slight  haze  made  the  continuance  of  the  observations  impossible. 


Dr.  Wilson   says  that  his  observation  should  be  given  but  little  weight,  owing  to  the  extreme  faintness  of  the 
comet. 
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NOTE   ON    THE    INVESTIGATIONS  OF   GONESSIAT  UPON   THE  VARIATIONS 

OF  LATITUDE   OBSERVED   AT  LYONS, 

By  S.  C.  CHANDLKK. 
In   the    Bulletin    Astronomique,    t.  XI.  pp.  241.  291,  Mr. 


Gonbssiat  has  given  the  results  of  some  very  important 
researches  on  this  subject,  based  upon  his  meridian-circle 
'observations  of  fifteen  circumpplar  stars  between  1885  and 
1889.  Their  especial  value  consists  in  the  fact  that  they 
cover  an  interval  in  which  wre  have  few  other  contempo- 
raneous observations  suitable  for  this  purpose.  He  deduces 
a  period  of  I.'il  days,  with  a  coefficient  of  0".22.  His 
e(i.  (17),  referred  to  Greenwich,  and  expressed  in  our  nota- 
tion, is 

<f:-u  =   -0".22  cos (tr- 241 0939)  0°.85 

As  he  remarks,  there  is  here  an  exceedingly  close  agree- 
ment of  the  epoch,  but  a  coefficient  "which  notably  exceeds 
that  found  by  Mr.  Chandler." 


I  may  be  pardoned,  perhaps,  in  the  remark  that,  treating 
the  results  of  his  table  of  observed  results  on  p.  298  in  a 
similar  way  to  that  which  I  have  used  for  all  the  other  in- 
vestigations on  this  subject.  1  rind,  from  a  least-squares 
solution,  the  formula 

c-<?0  =    -0".17o  cos (7-241 0936)0^.85 
where  the    epoch    is    for  the    Greenwich  meridian.      But 
eq.  (52),  A.J.  322,  gives 

<r-<r0  =  -0M74  cos (i-241 0942)  0°.85 
so  that  the  accordance  in  the  range,  as  well  as  in  the  epoch, 
leaves  nothing  to  be  desired.  The  process  of  deriving 
these  results  appears  to  me  to  be  entirely  unobjectionable. 
The  above  remarkable  agreement  is  strong  testimony  to 
the  precision  of  G-onessiat's  observations. 


N°-  334. 


THE     ASTRONOMICAL     JOURNAL. 


175 


STOSPOT  OBSERVATIONS, 
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Made  with  21g-ineh  astronomical  objective,  36  inches  focal  length. 
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EPHEMERIS  OF  COMET  e  1894  (swift), 

From  Chandler' s  Elliptic  Elements  in  A. J.  no.  333. 
By  GEORGE   E.   WIIITAKKi;. 
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The  relative  brightness,  0.37.  January  1,  becomes  0.18. 
February  2. 


Mass.,  1S9.5  Jan.  10. 


NEW  ASTEROIDS. 

Prof.  Kreutz  communicates  the  discovery  of  another  small  planet  by  Mr.  Chaelois. 
BN    12"     Dec- 28     11"  29m.5  Nice  M.T.     «  =  7h  31m  8",     8  =  4-20°  2.5'     Daily  motion,  -60"  in  a,  and  3'  southward. 

The  designation   1894  BO  has  been  given  to  a  planet,  13".  found  upon  a  photograph  of  the  nebula  N.G.G.  4900, 
taken  by  Mr.  Roberts  1894  April  9  (see  Monthly  Notices,  R.  Ast.  Soc,  LV.  14).     Its  position  was 

April  9  I2h  Greenw.  M.T.         a  =   12h  59m  8s,         8  =   4-3   V. 


NEW   ASTRONOMICAL   WORKS. 


Cordoba  Durchmusteriing,  Part  11.  Brightness  and  Position  oj 
Ever//  Fixed  Star,  down  to  the  Tenth  Magnitude,  between  32°  and 
42°  of  Smith  Declination.     John  M.  Thome,  Director. 

This  second  part  of  the  important  undertaking,  carried  on  at  the 
Argentine  National  Observatory  during  the  years  1885  to  1893,  has 
recently  been  published  as  Vol.  XVII  of  the  Results  of  the  Observa- 
tory. A  notice  of  the  publication  of  the  first  part,  containing  the 
stars  in  the  belt  between  22c  and  32c  of  south  declination,  appeared 
in  no.  299  of  this  Journal.  The  present  half  of  the  work  contains 
the  positions  and  magnitudes  of  160415  stars,  making  a  total  of 
340215,  and  extends  the  census  of  the  starry  heavens  to  the  tract 
comprised  within  132°  from  the  north  pole.  It  is  earnestly  to  be 
hoped  that  the  undertaking  may  soon  be  pushed  yet  further  south. 

With  this  volume  is  given  an  atlas  of  twelve  maps,  drawn  upon 
the  same  scale  as  the  analogous  ones  of  Argelander and  SCHON- 
feld,  although  the  much  greater  number  of  stars  plotted  gives  a 
more  crowded  aspect  to  the  charts. 

As  in  the  former  volume,  tables  are  given  showing  the  number  of 
stars  observed,  in  each  degree  of  declination,  for  intervals  of  four 
minutes  each  in  right-ascension.  A  count  of  the  number  of  stars  of 
each  magnitude  as  far  as  10M  would,  even  if  only  made  by  hours, 
afford  a  valuable  supplement  to  this  useful  work. 

Another  extended  list  is  also  given  by  Dr.  Thome,  of  those  stars 
for  which  notable  discordances  were  found  in  the  estimates  of  magni- 
tude, thus  giving  rise  to  suspicion  of  variability. 


Publicationen  der  eon  Kuffner'schen  Sternwarte  in  Wien,  heraus 
gegeben  von  Dr.  Leo  he  Hall,  Director  di  r  Sternwarte.  Ill  Band 
1894. 

The  first  division  of  this  third  volume  contains  89  series  of  zone- 
observations  of  stars  between  5°  50'  and  10c  10'  of  south  declination, 
made  by  Dr.  dk  Ball  himself  with  the  44-inch  Repsold  meridian- 
circle,  essentially  on  the  plan  of  those  of  the  Astronomiscke  Gesel- 
schaft.  They  comprise  stars  to  the  ninth  magnitude,  and  the  probable 
error  of  a  single  observation  has  been  found  to  be  ±0\036  and 
±0".49. 

The  transits  over  the  several  threads  are  given,  and  the  individual 
microscope-readings,  together  with  all  the  data  for  computing  the 
observations,  and  finally  the  resultant  positions  referred  to  the  mean 
equinox  of  1900. 

These  are  followed  by  an  elaborate  memoir  containing  the  results 
of  measurement  of  photographic  impressions  of  the  cluster  Herschel 
G.  Catal.  1106  =  M.  36,  by  Dr.  S.  Oppenheim.  Three  plates  were  used, 
taken  1892  March  20  and  Sept.  19,  and  1893  April  10  ;  and  from  these 
the  positions  of  204  stars  have  been  measured,  and  elaborated  with 
great  care  and  minuteness. 

The  second  division  of  the  volume  consists  of  memoirs  on  subjects 
of  general  scientific  interest. 


CONTENTS 
The  New  Dudley  Observatory,  by  Prof.  Lewis  Boss. 
Observations  of  Comet  e  1894  (E.  Swift). 

Note  on  the  Investigations  of  Gonessiat  upon  the  Variations  of 
Sunspot  Observations,  by  Rev.  A.  W.  Qtjimby. 
Ephemekis  of  Comet  e  1894  (Swift),  by  Mb.  George  E.  Whitakeb. 
New  Asteroii>>. 
New  Astronomical  Works. 
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OBSERVATIONS   OF   THE   TRANSITS  OF   MERCURY,  1891  MAY  9,  AND 

1894  NOVEMBER  9-10, 

MADE    WITH    THE    12-INCH    EQUATORIAL   OF   THE   LICK    OBSERVATORY, 


By  E.  E. 

The  transits  of  Mercury  1891  May  9  and  1894  Nov.  9-10, 
were  both  observed  with  the  12-inch  equatorial.  In  the 
observations  of  these  transits,  I  have  endeavored  to  secure 
the  best  possible  measures  of  the  diameter  of  Mercury  and 
of  its  position  on  the  sun*s  disc. 

The  observations  have  in  both  cases  been  made  with  the 
Clark  micrometer,  of  the  screw  of  which  one  revolution 
=  14".059  ±0".0024.  This  value  has  been  used  in  all  the 
reductions.  In  the  observations  of  1894,  two  sets  of  dia- 
meters and  one  set  of  positions,  were  measured  with  a 
micrometer  by  Warner  and  Swasey,  which  is  supplied,  be- 
sides the  ordinary  spider-threads,  with  coarse  platinum 
wires  for  the  measures  of  faint  diffused  objects.  Because 
of  the  presence  in  the  field  of  these  wires,  it  was  thought 
that  thej-  might  more  or  less  influence  the  measures,  and 
as  it  only  permitted  the  use  of  low  powers,  the  Clark 
micrometer  was  substituted  for  it  in  the  remainder  of  the 
work. 

In  determining  the  diameter  of  Mercury,  on  both  occa- 
sions. I  have  divided  the  measures  equally  between  the 
diameters,  in  right-ascension  and  in  declination,  to  try  to 
detect  any  polar  flattening  of  the  disc.  In  both  cases  the 
results  have  indicated  a  slightly  larger  "  equatorial "  dia- 
meter. The  difference  is  very  small,  and  if  real  would  in- 
dicate a  very  slight  polar  compression.  I  would  not  at  all 
insist  that  this  difference  is  real,  and  would  rather  look 
upon  the  coincidence  as  accidental.  Nevertheless,  the  re- 
sults may  be  of  great  importance  in  the  future,  as  bearing 
upon  the  rotation  of  the  planet  on  its  axis  in  a  reasonably 
short  period. 

They  respectively  indicate  a  polar  compression  of  ,  1 4 
and  ,,'s,  or  adopting  a  mean 

Polar  Compression    =    ,  } ,.  . 

Even  though  this  result  should  be  real,  the  unknown 
position  and  inclination  of  the  axis  of  rotation  would  make 
it  a  minimum  value. 

The  conditions  for  observation  in  1894  were  superior  to 


BARNARD.  , 

those  of   1891,  though  the  planet   was  some  35°  farther 
south. 

The  occurrence  of  the  transit  in  the  forenoon  was  of  it- 
self a  great  advantage,  because  the  seeing  is  invariably 
better  here  in  the  first  half  of  the  day.  On  this  particular 
day  it  happened  to  be  unusually  good. 

In  the  measures  of  the  diameter  of  a  planet  in  transit 
with  a  good  telescope,  the  steadiness  of  the  atmosphere  is, 
I  think,  a  far  more  important  factor  than  almost  anything 
else.  If  we  look  at  the  planets  on  the  dark  sky  when  the 
seeing  is  bad,  they  appear  larger  than  they  would  if  the 
air  were  steady.  Measures  under  such  conditions  would 
give  a  diameter  greater  than  the  real  one,  due  to  the  spread- 
ing of  the  bright  image  by  the  unsteady  air.  In  the  case 
of  Mercury  or  Venus  in  transit,  poor  seeing  would  have 
exactly  the  reverse  effect.  The  image  would  be  smaller 
than  with  good  definition,  because  of  the  encroachment  of 
the  bright  disturbed  background  upon  the  image  of  the 
planet.  Or,  in  other  words,  irradiation  is  more  effective  the 
poorer  the  seeing.  There  is  no  doubt  however,  but  that 
several  other  things  enter  into  consideration.  The  density 
of  the  sun-cap,  the  magnifying  power,  aperture  of  the  tele- 
scope, etc. ;  each  and  all  are  elements  in  fixing  the  apparent 
size  of  a  planet  in  transit. 

In  the  measures  of  1891  the  seeing  was  rather  poor;  but 
in  those  of  1894  the  atmosphere  was  unusually  steady,  and 
the  measures  are  consequently  much  more  reliable. 

In  A.N.  3034  Dr.  L.  Ambronx  has  given  a  collection  of 
the  measures  of  Mercury's  diameter,  from  1832  to  1890. 
Oi  these  results,  18  were  measures  made  during  transit  by 
17  different  observers.  Six  of  these  were  with  some  form 
of  double-image  micrometer,  and  twelve  with  the  filar 
micrometer  or  other  similar  means.  I  have  taken  the  means 
of  the  different  results  and  they  give  for  the  diameter  of 
Mercury  at  distance  unity 


In  transit  (double-image  micrometer) 
In  transit  (filar  micrometer) 


6".505. 
6  .340. 


(177) 
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There  are  also  three  determinations  on  the  sky,  one  of 
which  is  abnormal,  and  I  shall  reject  it.  The  other  two 
give 

On  the  sky  (double-image  micrometer)         6".601 . 

The  accordance  of  these  three  separate  results  is  certainly 
very  satisfactory.  Their  mean,  weighted  according  to  the 
number  of  observations,  is  6". 415. 

This  result,  depending  upon  the  work  of  19  different 
astronomers  extending  through  58  years,  may  be  taken  as 
fairly  representing  the  diameter  of  Mercury  at  distance 
unity. 

In  these  observations  the  extreme  range  is  1".3,  I.e.  from 
5".65  (Maclear,  186S)  to  6".94  (Carpenter,  1878),  the 
mean  of  which  (6".29)  deviates  only  about  one-tenth  of  a 
second  from  the  mean  of  all. 

Following  are  the 

Observations  of  the  Transit  of  1891  May  9. 

Though  the  day  was  perfectly  clear  the  atmosphere  was 
very  unsteady,  the  seeing  varying  from  1  to  3  on  a  scale 
of  5.  The  aperture  of  the  12-inch,  was  cut  down  to  four 
inches,  and  this  was  used  throughout  the  observations. 

A  careful  search  for  the  planet  was  made  until  five  min- 
utes before  first  contact  with  varying  density  of  <•'  sun- 
wedge,"  but  no  trace  of  it  could  be  seen  until  first  contact, 
and  no  trace  of  that  portion  of  it  off  the  sun  could  be  seen 
between  first  and  second  contacts.  During  transit  no  ring  of 
light  could  be  seen  about  Mercury,  nor  could  any  markings 
be  made  out  on  its  disc.  A  careful  search  for  a  satellite 
was  also  made. 

The  planet  could  not  be  seen  with  the  unaided  eye  pro- 
tected with  a  dark  glass. 

The  following  measures  have  been  carefully  reduced 
anew  for  this  paper. 

1891  May  9. 
Standard  Pacific  Time  of  Contact. 

h       m       s 

I         3  53     7-0 
II         3  57  54.2         geometrical 

Contact  I  was  marked  "2  seconds  late,"  that  is,  it  was 
seen  for  two  seconds  before  certain  identification.  This 
correction  has  been  applied  to  the  above  value  of  the  first 
contact. 

Measures  of  the  Diameter  of  Mercury. 
1891  May  9. 

"Equatorial"  (Right- Ascension)  Diameter. 

10.81  (5  obs.)  150  diameters 

10.57  (3  obs.)  175         " 

11.25  (3  obs.)  500         » 

10.877  (11  obs.)  5h  6™  Stand.  Pac.  Time 


■•  Polar"  (Declination)  Diameter. 

r 

10.76         (5  obs.)         150  diameters 
10.71         (3  obs.)         175         " 
10.92         (3  obs.)         500 
10.797     (11  obs.)"        4h  45m  Stand.  Pac.  Time 
Reduced  to  distance  unity,  these  become 

Equatorial  diameter  6".065 

Polar  "  6  .020 

Measures  of  the  Position  of  Mercury. 

1891  May  9. 

Distances  between  center  of  Mercury  anil  nearest  (s.f.)  limb  of  the  Sun. 
Stand.  Pac.  Time 

h        in       8  " 

5  6  54  142.73 
5  9  22  145.74 
5  11  10         147.36 

5   12  32  150.11  Mag.  power  =  150  diameters 

Mean    5  10     0         146.48 

Position-angle  of  threads  in  these  measures  =  46°. 0. 


To  these  has   been   added   a  re- 
fraction-correction of  0".ll 


5  46  46 
5  48  19 
5  49  41 
5  52  40 

185.77 
1ST. lis 
186.70 
190.05 

5  49  21         187.40 
Position-angle  of  threa 

It           111         s                        " 

6  6   IS          196.70 
6     8  23         195.73 
6     9  32          196.50 

To  these  has  been  added  a  re- 
fraction-correction of  0".58 


Mag.  power  =  150  diameters 


To  these  has   been   added   a  re- 
fraction-correction of  0".72 

Mag.  power  =  150  diameters 


6     8     4 


190.31 


Position-angles  of  threads  in  these  measures  =  58°. 7. 

In  the  distances  the  nearest  limb  of  Mercury  and  the 
nearest  limb  of  the  Sun  were  bisected.  To  the  measures 
has  been  added  5".42,  the  apparent  semi-diameter  of  Mer- 
cury from  my  observations. 

Observations  of  the  Transit  of  1894  November  9-10. 

In  these  observations  the  seeing  was  very  good,  ranging 
from  3  to  5.  The  planet  could  not  be  seen  before  entering 
on  the  Sun.  No  ring  of  light  was  visible  at  any  time.  No 
spots  or  markings  were  seen  upon  its  disc.  The  planet 
was  sensibly  lighter  than  the  sky  outside  the  Sun's  disc,  as 
tested  by  laying  a  micrometer-wire  over  the  planet.  The 
wire  seemed  to  be  about  twice  as  black  as  Mercury,  but  was 
only  slightly  contrasted  with  the  sky. 

An  endeavor  was  made  to  see  Mercury  with  the  eye, 
using  a  dark  glass  alone,  but  it  could  not  be  seen.  It  was 
however,  very  easily  seen  with  a  small  terrestrial  telescope 
of  1.38  inches  diameter  and  5  inches  focus,  which  magnified 
2  j  times.  This  small  instrument  belongs  to  Mr.  Charles 
Burckhalter  of  the  Chabot  Observatory,  Oakland,  Cali- 
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fornia,  and  was  kindly  loaned  for  the  purpose.  With  this 
glass  Mr.  Burckhalter  had  seen  the  planet  at  the  transit 
of  1891.  Therefore,  though  Mercury  cannot  be  seen  at 
transits  with  the  eye  alone,  it  only  requires  a  power  not 
exceeding  2]  diameters  to  make  it  easily  visible. 

A  careful  search  with  low  and  high  powers,  was  made 
several  times  during  the  best  seeing,  for  any  possible  satel- 
lite. 

In  the  measures  of  the  positions  of  Mercury,  the  center 
of  the  planet  was  bisected.  The  limbs  were  bisected  by 
the  wires  in  the  diameter  measures  in  both  the  observations 
of  1891  and  1894. 

Standard  Pacific  Time  of  Contacts,  1894. 
(Aperture  6  inches  ;  power  150.) 


I 
II 


III 
IV 


Nov. 


9  19  57     9.1 
9  19  58  42.3 


Good,  possibly  2s  late 
Good  (geometrical) 


('Aperture  5  inches  ;  power  175). 

h       ni         8 

Nov.  10     11136.6         '.-Him, e-tri.-ali 

10     1   13  16.3         Good 


For  I,  at  the  recorded  time  above,  there  was  the  slightest 
indentation  of  the  limb  of  the  Sun,  which  was  estimated  to 
be  equal  to  about'-'  seconds  of  time  —  this  correction  has 
not  been  applied. 

At  II  there  was  a  slight  black  drop,  which  did  not  inter- 
fere with  the  contact,  as  it  was  faint;  it  lasted  9  seconds 
after  geometrical  contact. 

All  the  observations  were  perfectly  satisfactory.  There 
was  no  black  drop  at  contact  III. 

Measures  of  the  Diameter  of  Mercury. 

"Equatorial"  (Right-Ascension)  Diameter. 
Stand.  Pac.  Time. 

h  m  " 

8  L'<>         9.15  (4  obs.)         500  diameters 

9  5         8.99         (Sobs.)         175diam.(W.&S.mic.) 
9  50         9.35         (5  obs.)         500  diameters 

9  55         9.59         (5  obs.)        500         " 

11  32        9.18         (5  obs.)         500         " 

12  30         9.17         (5  obs.)         500         " 


lean 

9.237 

(29  obs.) 

"Polar' 

(Declination) 

Diameter. 

9     0 

8.83 

(5  obs.) 

175  diam.(W.&S.mic.) 

9  40 

9.4 1 

(5  obs.) 

500  diameters 

0  10 

9.26 

(4  obs.) 

5011           " 

1   40 

9.07 

(5  obs.) 

51  ii  i        » 

2  45 

9.59 

(5  obs.) 

500         " 

Mean  9.144      (24  obs.) 


Double-distance  measures  in  each  case. 
These  reduced  to  distance  unity  become 

r 

•■  Equatorial  "  diameter         6.241 
"Polar"  "  6.178 

The  measures  at  9h50"  and  lo1'  10™  were  made  by  bisecting  the 
center  of  Mercury  with  one  thread,  and  placing  the  other  a  half  diame- 
ter (by  estimation)  beyond  the  limb. 


Difference   of  Right-Ascension,  Center  of  Mercury  and  fol. 
Limb  of  Sun,  Mercury  preceding. 


Stand.  Pac.  Time 
h        m       s 

8     8  12 

67.61 

8     9  41 

74.74 

8  10  40 

70. 7() 

m   8     9  31 

71.02 

Micrometer- threads  reversed. 

b       m      a 

8  11  37 

85*07 

8  12  28 

90.39 

8  13  20 

'.1 1  .NO           Mag.  power  =  150  diameters 

Mean   8  12  28 


no.oo 


These  have  been  diminished  by  a  refraction-correction  of  O'.ll 
ti        m      8  " 

8  26  50  168.14 
8  27  58  174.11 
8  28  41         178.63 


Mean   8  27  50 

173.63 

Micrometer-threads  reversed. 

h        m       8 

8  30  25 

186\92 

8  31  10 

191.97 

8  31  50 

196.02           Mag.  power  =  150  diameters 

Mean   8  31     8 

191.84 

These  have  been  diminished  by  a  refraction-correction  of  0'.16 

h        m       s 

9     6     8 

381.14 

9     7   12 

388.33 

9     7  58 

391.39 

9     8  41 

395.71 

Mean   9     7  30 

389.14 

Micrometer-threads  reversed. 

h        m       8 

9  10  32 

lo;;.so 

9  11  23 

108.72 

9  11  59 

412.38 

9  12  43 

416.  i  6           Mag.  power  =  175  diameters 

Mean    9  11  39 


410.41 


These  have  been  increased  by  a  refraction-correction  of  0*.20 
Difference    of   Declination,   Center   of  Mercury  and  North 

l.imli   of  Sun,    Mercury    Smith. 


Mean 


Ii        m       3 

10    18  30 

698.32 

10  49  29 

698.62 

10  50  10 

695.20 

10  52   lo 

001.25 

10  53  37 

686.41 

10  54  30 

683.85 

Mair.  power  =  150  or  175diam. 

10  51  24 

692.29 

ese  have  been  increased  by 

refraction-correction  of  0'.40 

h        m       s 

11  46  28 

555.96 

11  48  13 

551.80 

11  49     3 

549.11 

11  49  38 

548.90 

11   50     8 

548.55 

11  50  50 

546.96 

11  51  48 

544.21 

Mag.  power  =  150  diameters 

Mean    11  49  27 


549.37 


These  have  been  increased  by  a  refraction-correction  of  0'.39 
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Difference  of  Right-Ascension,  Center  of  Mercury  and  pre 

ceding   l.imli  of  Suit,   Merriiri/  following. 


11' 

3 

9 

598.93 

12 

4 

29 

590., S  4 

12 

5 

40 

586.56 

12 

6 

11 

582.69 

12 

6 

55 

578.26 

12 

7 

34 

575.18 

12 

8 

18 

569.94 

12 

8 

57 

567.24 

12 

10 

4 

561.94 

Mag.  =  loll  diameters 


Mean    11     6  49 


579.05 


No  refraction-correction  applied  to  these. 

Distance  of  Center   of  Mercury  from    nearest  (n./i.)  Limb 

of  Sun. 


12  50  15 
12  50  52 


126.57 
[23.94 


JOURNAL. 

i,     ii 

B 

I 

L2  51 

36 

ll'.I.C, 

12  52 

12 

LIS 

.65 

12  52 

47 

112 

.26 

N°-  335. 


Mean   12  51  32         119.61 

Position-angle  of  threads  during  the  measures  =  43°. 0.  No  re- 
fraction-correction. 

In  the  right  ascension  and  declination  measures,  the 
parallel  was  carefully  determined  before  and  during  the 
observations,  and  checked  at  the  close.  Six  inches  aper- 
ture up  to  llh  20'" ;  after  that  5  inches. 

From  Sh  50"'  to  9h  35m  the  Warner  and  Swasey  microme- 
ter was  used.  The  value  of  a  revolution  of  the  screw  of 
this  micrometer  is  22".477  +  0".002. 

The  observations  throughout,  in  both  transits,  are  in  Stand- 
ard Pacific  Time,  which  is  8h  0ra  0a  slow  of  Greenwich. 
Where  required,  I  have  applied  corrections  for  refraction, 
as  indicated. 


ON    THE    VARIATIONS    OF    LATITUDE    AT    POULKOVO,   FROM    THE 
OBSERVATIONS  WITH   THE   GREAT   VERTICAL   CIRCLE, 

By  A.  IVANOF. 


OLDER 


1.  In  view  of  the  importance  of  the  question  of  the 
variation  of  latitude,  and  of  the  fact  that  Mr.  Chandler, 
in  examining  the  large  number  of  old  observations,  has 
arrived  at  unexpected  results,  it  seems  to  me  that  the 
examination  of  all  observations  which  can  give  any  in- 
formation, one  way  or  the  other,  should  be  regarded  as 
imperative.  In  this  regard  the  old  observations,  made  in 
the  formation  of  the  catalogue,  deserve  the  especial  atten- 
tion of  astronomers,  since  they  ordinarily  embrace  large 
intervals  of  time,  and  may  give  very  useful  and  interesting 
results.  In  observing  with  the  great  vertical  circle  of 
Poulkovo,  I  have  undertaken  the  examination  of  the  two 
large  series  of  old  observations  made  with  this  instrument. 
One  of  these  series  served  to  form  the  catalogue  of  declina- 
tions of  1865.0,  and  the  other  for  the  catalogue  of  1845.0. 
The  results  which  I  obtained  are  given  in  a  series  of 
articles  as  follows. 

1.  Variations  de  la  latitude  de  Poulkovo  deduites  des 
o/ixerr  it  inns  faites  mi  grand  cercle  vertical  dans  les  annees 
1863-75  (Ma.  math,  et  astr.,  T.  VII,  livr.  3,  1894). 

2.  Variations  de  la  latitude  de  Poulkovo  deduites  des 
observations  faites  au  grand  cercle  vertical  dans  les  annees 
1842-49  (Bull,  de  I' Acad.  Imp.  des  Sciences,  1894  Septembre, 
N.  1). 

3.  Stir  les  lois  des  variations  des  latitudes  terrestre  s 
d'n /ires  les  observations  faites  au  grand  cercle  vertical  de 
Poulkovo  (Bull,  de  I' Acad.  Imp.  des  Sciences,  1894  N.  3). 

As  to  the  results  of  these  articles,  it  will  perhaps  be  use- 


ful to  reproduce  here  the  epochs  of  maxima  and  minima 
These  are 


1863 

to  1S75 

1842  to  1849 

Maxima 

Minima 

Maxima 

Minima 

1864.76 

1864.09 

1842.70 

1842.33 

65.87 

65.32 

43.72 

43.14 

67.08 

66.53 

44.54 

44.17 

68.35 

67.81 

45.71 

45.19 

69.53 

68.92 

46.80 

46.27 

70.74 

70.12 

47.72 

47.33 

71.94 

71.35 

1848.69 

48.19 

73.10 

72.51 

1849.09 

74.28 

73.65 

1875.38 

1874.84 

I  regard  the  results  obtained  by  me  to  the  present  time 
as  a  first  approximation  in  the  research ;  because  I  have 
assured  myself  after  deep  reflection  that  the  observations 
examined  by  me  can  give  more  than  I  have  obtained. 

Since  I  shall  give  a  detailed  exposition  of  the  definitive 
results  in  the  Bulletin  de  I' Academic  Imp.  des  Sciences  de 
St.  Petersbourg,  I  limit  myself  here  to  a  shorter  state- 
ment. 

2.  Let  us  direct  our  attention  to  the  observations  made 
from  1863  to  1875.  I  have  examined  first  those  of  Polaris. 
These  observations  are  suitable  for  finding  the  annual  term 
as  well  as  for  that  of  428  days. 

I  have  combined  in  a  single  mean  the  declinations  of 
Polaris  obtained  from  the  mean  of  the  observations  made 
in  the  same  month  of  the  different  years.  Then  I  have 
compared  these  monthly  means  with  the  mean  value  given 
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in  the  catalogue  of  1865. 0,  which  is  entirely  tree  from  the 
variations  of  latitude.  I  thus  obtained  the  following  values 
of  the  differences     a  —  a.. 


January 
February 

March 
April 
May 
June 


-0.08 
-0.12 

-    ii  117 

-0.03 

-0.02 

+  O.H7 


Wt. 

8 
15 
58 
78 

67 
45 


July 

August 

September 

•  October 

November 

December        +0.08 


<F— <P0 
i  i.i  ii  i 
0.00 
+0.08 
+  0.02 
+  0.08 


Wt. 

39 

4 
38 

77 
28 

is 


In  forming  this  table  1  have  used  the  observations  of 
Polaris  made  at  both  culminations. 

Assuming  as  the  expression  of  the  annual  term  the 
formula 

9~n   =   #iSin(0+_i) 

I  obtained  by  the  method  of  least  squares, 

//,   =   0".06  ±0".03     ,     A\   =   201°  ±24° 

so  that  we  can  write 

(1)  c--c0   =   0".06  sin  (©  +  291°) 

To  obtain  the  428-day  term  from  the  observations  of 
Polaris  I  have  compared  the  monthly  values  of  the  decli- 
nation, already  used  above,  with  the  observed  values  on 
the  individual  dates,  and  thus  obtained  a  series  of  values 


of 


I  then  divided  the  whole  interval  of  time  from 


1863  to  1875  into  equal  parts,  each  containing  14  months. 
The  series  of  differences  p— «r0,  corresponding  to  each 
of  these  parts,  were  combined  in  a  single  series,  which 
should  determine  the  mean  curve  with  the  period  of  428 
days.     This  series  is  given  below. 


Wt. 


Wt. 


0.29 

+  0.12 

44 

+  0.29 

-0.06 

23 

-0.21 

—  0.07 

:;4 

+  o.:;7 

-0.05 

29 

-0.13 

-0.01 

33 

+0.45 

+  0.01 

32 

-0.04 

-0.12 

54 

+  0.54 

+  0.08 

28 

+0.04 

-0.16 

35 

+0.62 

+  0.27 

27 

+0.12 

-0.10 

IV, 

+  0.71 

+  0.12 

34 

j-  n.  I'd 

-0.12 

29 

+0.79 

+  0.22 

35 

The  argument     t     is  expressed  by  the  formula 

t  =   T- 1870.0  + 1.18  n 

where     T    is  the  time  of  observation  and 
ber  of  periods. 

Tutting  for  the  428-day  term,  the  equation 

cr  —  u0    =    II  sm(fxf  +  K)    ,        where     /i 

I  obtain 

(2)  c-<r„   =    0".16  sin  (M, +241°) 

3.  After  this.  I  tried  to  determine  both  the  annual  and 
the  428-day  terms  from  all  the  observations  between  1863 
and  1875.  To  find  the  428-day  term  I  used  the  differences 
y  — <-'<,     given  in  my  first  article  on  the  variation  of  latitude 


n     is  the  num- 


TTs 


at  Poulkovo.  I  combined  some  of  these  in  such  a  way  as 
to  get  a  single  value  of  ?  —  <r0  for  each  month.  These 
values  were  then  freed  from  the  annual  term  by  means  of 
formula (1), which  gaveane-w  series  for  <p—  c  dependent 
only  on  the  428-day  term.  Then,  dividing  the  whole 
interval,  1863  to  1875,  into  periods  of  14  months,  I  pro- 
ceeded as  in  the  case  of  Polaris,  obtaining  the  series  of 
differences  given  below.  It  should  lie  remarked  that  sensi- 
bly identical  results  would  be  obtained,  ii  eq.  1 1  i  he  slightly 
changed,  or  even  if  the  effect  of  the  annual  term  be  nut 
eliminated. 


Wt. 


?-<?<, 


Wt 


-0.29 

+  0.OS 

649 

+0.29 

-o.oi; 

832 

-0.21 

+  0.O1 

746 

+0.37 

_li.nl 

756 

-0.13 

-0.01 

587 

+  0  45 

+0.06 

469 

0.04 

-0.09 

M.-, 

+  o.;.l 

+0.10 

542 

+0.04 

-0.16 

813 

+0.62 

+0.13 

777 

+0.12 

-0.11 

484 

+  0.71 

+  0.11 

667 

+0.20 

-0.08 

163 

+  0.70 

+0.11 

580 

Employing  these  differences  1  found,  by  the  graphical 

method,  that  the  428-day  term  is  expressed  by 

<f-<rc  =  0".  14  sin  (^  +  241°) 

To  determine  the  annual  term    from    the  total   of  the 
observations,   I  eliminated  the  effect  of  the  428-day  term 

from  the  differences  <r  —  y0  given  in  my  first  Memoir,  by 
means  of  eq.  (2),  and  combined  in  a  single  mean  the  values 
for  the  same  month;  which  gives  the  following  table. 


V- fo 

Wt. 

a—  c 

Wt. 

January 

-0.07 

200 

July 

+0.03 

617 

February 

-0.07 

616 

August 

+  0.02 

7. ".ii 

March 

-0.O2 

1356 

September 

+  0.04 

777 

April 

+  0.01 

1129 

October 

+0.03 

1104 

May 

+0.03 

905 

November 

-0.01 

620 

June 

+  0.04 

756 

December 

-0.04 

530 

Employing  these  differences,  the  graphical  method  gives. 
for  the  annual  term, 

v-n  =  0".04  sin(©+323°)  (4) 

I  think  that  the  angle  323°,  which  gives  the  epochs  of 
maxima  and  minima,  is  well  determined,  but  that  the  semi- 
amplitude  0".04  is  a  little  less  than  it  really  is,  which  is  a 
not  unexpected  result. 

4.  Having  regard  to  all  that  precedes,  I  conclude  that. 
for  the  interval  1863-75,  the  differences  between  the  in- 
stantaneous and  mean  latitude  may  be  calculated  with 
sufficient  precision  by  the  formula 

v-u  =  0".15  sin(y+241°)  +  0".04  sin(©+323°)        (5) 
By  means  of  the  equation 

cosOrf+2410)   =    -0.31  cos  (©  +  323°) 

which  may  be  solved  by  approximation,  I  find  the  follow- 
ing times  for  maximum  and  minimum  epochs. 
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Epochs 

O-C 

1864.16 

-0y.07 

64.74 

+0.02 

65.32 

0.00 

65.91 

-0.04 

66.54 

-0.01 

67.16 

-o.io 

07. so 

+  0.01 

68.38 

-0.03 

68.96 

-0.O1 

1869.52 

+  O.01 

Epochs 

O— C 

1870.09 

+  OJ03 

7o.<;:; 

+  0.11 

71.:':; 

+  0.12 

71.81 

+0.13 

72,1:; 

+  O.OS 

73.04 

+  0.00 

73.62 

+  0.03 

74.28 

0.00 

1874.70 

+0.08 

In  the  column  0  — C  I  have  placed  the  differences  be- 
tween the  observed  and  calculated  epochs.  A  glance  will 
show  the  systematic  character  of  these  differences.  This 
systematic  character  will  disappear  if  we  regard  the  value 
of  K  as  variable.  I  have  found  that  it  varies  according  to 
i lie  law 


(') 


K  =  241°  +  47°  sin  (T- 1867.0)  •  5° 


where  T  is  the  time  of  observation.  This  equation  is  pre- 
cise only  for  the  interval  considered.  Thus,  eq.  (5),  using 
the  value  of  K  expressed  by  eq.  (7),  is  the  definitive  formula. 
Calculation  now  gives  the  epochs  of  maxima  and  minima 
following. 


Epochs 

O— c 

Epochs 

o— c 

1864.13 

-0y04 

1870.12 

oyoo 

64.71 

+  0.05 

70.70 

+  0.04 

65.30 

+  0.02 

71.28 

+  0.07 

65.90 

-0.03 

71.88 

+0.06 

66.53 

0.00 

72.51 

0.00 

07.16 

-0.08 

73.14 

-0.04 

67.81 

0.00 

73.68 

-0.03 

68.39 

-0.04 

74.37 

-0.09 

68.88 

+  0.04 

1874.85 

-0.01 

1869.55 

-0.02 

The  mean  departure  of  calculation  from  observations  is 
two  days. 

5.  We  may  now  pass  to  the  observations  with  the  verti- 
cal circle  made  iu  the  years  1842-49.  I  first  found  the 
428-day  term.  To  this  end  I  chose  only  those  stars  ob- 
served, from  1842  to  1849,  in  the  same  months  of  the 
different  years,  and  of  which  the  mean  declinations  cannot 
be  free  from  the  effect  of  the  annual  term.  I  then  formed 
for  each  month  the  differences  between  the  instantaneous 
and^mean  latitude.  Finally,  by  the  graphical  method,  I 
found  the  following  epochs  of  maxima  and  minima. 


Minima 

Maxima 

1842.86 

1843.37 

43.90 

44.41 

44.97 

45.70 

46.16 

46.79 

47.46 

1847.99 

1848.65 

( 

If— <Pc 

Wl. 

t 

9—9, 

Wt. 

-0.46 

+o!n 

339 

+0.13 

0.1)0 

200 

-0.37 

+  0.05 

336 

+  0.21 

-0.10 

388 

-0.20 

+  0.01 

459 

+  0.29 

-0.OS 

4.'!9 

-0.20 

+  0.00 

137 

+0.37 

0.00 

451 

-0.12 

—  0.O5 

360 

+0.46 

-0.05 

465 

-0.04 

—0.04 

20S 

+  0.51 

+  0.02 

484 

+0.04 

+  0.01 

198 

+  0.02 

+  0.O7 

360 

The  equation  of  the  mean  curve,  from  these  values,  is 

,f,-9f)  =  0*08  sin  (^+255°)  (9) 

To  determine  the  annual  term  I  employed  the  values  of 
the  differences  given  in  my  article  "  Variations  de  la  lati- 
tude de  Poulkovo  deduites  des  observations  faites  au  grand 
oercle  vertical  dans  les  annees  1842-49."  I  freed  these 
from  the  effects  of  the  variations  by  means  of  eq.  (9),  ob- 
taining the  following  table,  which  presents  the  annual  vari- 
ations. 


9— f0 

Wt. 

9—9, 

Wt. 

January 

-0.09 

125 

July 

+  0T3 

744 

February 

-0.14 

255 

August 

+  0.10 

998 

March 

-0.12 

1 1 73 

September 

+  0.13 

805 

April 

-0.13 

1082 

October 

+  0.09 

617 

May 

-0.04 

1183 

November 

0.00 

359 

June 

-0.02 

972 

December 

-0.09 

327 

The  mean  value  of  the  period  is  1.16  years.     To  find  the 
mean  curve  I  obtained  the  following  differences: 


This  series  served  to  find  the  values  of  J/j  and  Kx  in  the 
equation 

9~9,  =  #isin(0+.K1) 

which  represents  the  mean  annual  course.     We  find 

H,  =  0".12     and     A\   =   274°, 

so  that  <p-u  =  0".  12  sin  (0  +  274°)  (10) 

Thus,  from  1S42  to  1849,  the  differences  between  the  in- 
stantaneous and  mean  latitude  may  be  calculated  from  the 
formula 

v-n  =  0".08  sin  <y  +  255°) +0".  12  sin (©  +  274°)    (11) 

To  calculate  the  epochs  of  maxima  and  minima  we  have 

cos  (©+274°)  =   -0.59  cos  (^  +  255°)  (12) 

The  epochs  thus  found  agree  very  well  with  those  ob- 
served;  but  the  differences  0  — C  again  bear  a  syste- 
matic character,  which  disappears  if  we  regard  Ky  as  vari- 
able.    I  find  that  it  varies  nearly  according  to  the  law 

A\  =  274°  +  50°  sin  (T- 1845.0)  •  5°  (13) 

Consequently,  eq.  (11)  should  be  changed,  definitely,  into 
the  following : 

._,.   =   0".08sin|>(T-1845.0)+255°]  (14) 

+0*12  sin  (O+Jiy 

where  Kx  is  expressed  by  eq.  (13). 

After  all  this  I  find  the  following  epochs  of  maxima  and 
minima. 


N°-  335. 


THE     ASTRONOMICAL     JOURNAL. 


183 


Epochs 


O— C 


Epocbs 


O— C 


1842.33 

0.00 

1846.18 

+0.09 

42.77 

-0.03 

46.73 

+  n.(i7 

43.63 

+0.09 

47.24 

+0.09 

44.12 

+  0.05 

47.77 

-0.05 

44.64 

-0.10 

48.26 

-0.07 

45.15 

+  0.04 

48.77 

-0.08 

1X45.68 

+  0.03 

1849.20 

-0.11 

The  mean  departure  of  calculation  from  observation  is 
one  day. 

6.  In  conclusion,  I  should  say  that  the  essence  of  the 
methods  which  I  have  employed  is  such  that  the  epochs  are 
very  well  determined,  but  that  the  semi-amplitudes  are  a' 
little  less  than  they  are  in  reality.  Taking  this  into  ac- 
count, it  can  be  easily  seen  that  my  formulas  (7),  (9),  (13) 
and  (14)  accord  very  well  with  the  known  formula  (52)  of 
Mr.  Chandler. 


If  I  have  limited  myself  to  the  determination  of  the 
variations  of  K  during  the  interval  1863-75,  and  of  those 
of  7i]  during  the  interval  1842-49,  this  is  explained  by  the 
circumstance  that,  in  using  two  isolated  series  of  obs 
tions,  it  is  difficult  to  determine  the  variations  of  all  the 
quantities  in  Mr.  Chandler's  formula.  I  believe  that  all 
my  researches  on  the  variation  of  latitude  are  nut  without 
value  ;  ami  that,  as  they  confirm  the  very  important  in- 
vestigations of  Mr.  Chandler,  we  cannot  doubt  at  leasl 
some  of  the  features  of  this  curious  phenomenon.  Thus. 
there  is  no  doubt  that  two  periods  subsist;  one  equal 
to  428  days,  the  other  to  a  year.  Also,  the  semi-amplitudi  >s 
of  both  terms  are  variable  beyond  any  doubt.  From  t 
two  facts  we  may  regard  my  researches  as  throwing  some 
light  on  the  enigmatic  phenomena  of  the  variation  of  ter- 
restrial latitudes. 


OX 


THE   VARIABLE  STAR  103  TANDROMEDAE, 

By   PAUL    S.   VKNDKLL. 


During  the  past  year  I  have  looked  for  TAndromedae  on 
fifty-two  nights!  Of  these,  four  were  in  the  winter  and 
spring  of  1894,  and  the  remaining  forty-eight  extend  over 
the  period  from  1894  May  L".i  to  1895  Jan.  14.  inclusive, 
the  longest  interval  between  two  observations  being  three 
weeks.  The  star  was  invisible  in  my  telescope  on  October 
7.  and  was  first  seen  at  the  next  observation,  on  Ocl 
18,  when  its  brightness  was  estimated  at  10M.3.  From  this 
date  it  was  kept  under  as  constant  watch  as  circumstances 
permitted,  and  rose  pretty  rapidly  and  regularly  to  a  maxi- 
mum, winch  was  passed  on  1894  December  4,  the  highest 
observed  magnitudes  being  8". 3  and  8". 2.  Its  mean  light 
at  the  maximum  was  about  8M. 5 ;  the  decrease  was  slower 
than  the  increase,  and  at  the  last  observation,  on  January 
14.  its  light  was  9".4. 

In  Xo.  3213  -i  the  Astronomische  Nachrichten,  Prof.  E.  C. 
Pickering  and  Dr.  Haetwig  have  both  published  obser- 
vations and  given  elements  of  variation  for  the  star,  which 
are  contradicted  by  this  series  of  observations.  Pickering 
gives  nineteen  observations,  mostly  from  the  H.C.O.  photo- 
graphs, and  deduces  from  them  a  light-curve,  giving  re- 
siduals from  comparison  with  the  observations.  No  other 
comparison  of  observations  with  elements  is  given  in  his 
paper,  though  very  fair  approximations  to  the  times  of  four 
maxima  are  deducible  from  the  data  there  furnished. 

IIartwig's  period  of  74.4  days  calls  for  maxima  on 
189  I  .June  25,  Aug.  8,  and  October  21.  The  first  two  are 
barred  by  my  observations  of  June  13  and  July  3,  and  of 
August  5  and  10,  — at  all  of  which  dates  the  star  was  in- 
visible in  my  telescope,  and  cannot  have  been  so  bright  as 
11".0;  and  on  October  22  I  observed  it  at  10M.5,  it  having 
been  first  seen  only  four  days  before.     In  addition  to  this. 


the  observations  from  which  my  maximum  is  deduced  ex- 
tend over  a  space  of  more  than  eighty  days.  Haetwig's 
observation  of  1893  December  28  remains  sharply  discord- 
ant with  the  new  elements,  given  later  on  in  this  paper,  aid 
very  strongly  suggests  the  possibility  of  a  misidentifical 

Upon  the  first  appearance  of  Pickering's  paper,  tic 
implied  claim  of  special  accuracy  for  the  elements  struck 
me  as  not  being  well  founded,  in  view  of  the  fact  that  the 
observations  could  be  equally  well  accounted  for  by  a 
period  of  either  about  265  or  293  days ;  but  it  seemed  best 
to  reserve  criticism  until  it  could  lie  founded  on  a  good 
determination  of  an  actual  maximum. 

The  thirty-four  observations,  on  which  my  maximum 
above  given  depends,  fix  the,  date  within  very  close  limits 
of  error,  and  since  receiving  by  private  letters  from  H.  M . 
and  J.  A.  Paekhukst  observed  dates  of  the  same  maxi- 
mum, which  witli  my  own  fall  within  a  space  of  four  days, 
I  feel  justified  in  considering  that  the  error  of  my  date  is 
probably  not  more  than  a  single  day. 

Using  this  date,  and  the  indications  of  the  last    three 

residuals  in  the  table  of   comparisons  with    Pickeeing's 

elements,  given  below,  I  find  the  following  elements,  which 

account  for  all  the  inferred  and  observed  dates,  in  a  very 

factory  manner: 

1855  Sept.  10  (J.B.  239  S837)+265i.35E 

According  to  these  elements,  the  next  three  maxima  will 
occur  on  the  following  dates  : 

1895  August  24.25 
L896May  15.60 
L897  February  -4. 95 

A  slightly  longer  period,  say  265d.39,  will  satisfy  the  ob- 
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served  times  of  E54  more  closely;  but,  considering  that 
the  date  assumed  as  the  prinoipa]  epoch  is  subject  to  a  few 
days'  uncertainty  it  is  not  worth  while  to  attempt  further 
refinement  until  more  data  can  be  accumulated. 


From  the  observations  given  by  l'n  kekim;,  loc.  tit.,  the 
tirst  four  of  the  following  fire  dates  of  maximum  were  de- 
duced  by  the  use  of  the  star's  mean  light-curve;  the  fifth 
is  my  own,  stated  above. 

(  >i:>i:k\  bd    Maxima. 


i  observed  Time 

Computed  Time— Pick  BRING 

0— < ' 

Computed  Time — Yendeli, 

O— C 

is:,;,  Sept.  lo 

Bonn 

El     1855  Oct.    11 

-31.0 

EO     1855  Oct.    10 

0.0 

1878  Dec.     5 

Oamb. 

31     1878  Nov.     9 

+26.0 

32     1878  Dec.      9-2 

-4.2 

L892Jan.     7 

H.C.O 

48     L891  Dee.     8 

+  80.0 

50     1892  Jan.      6-5 

+  0.5 

Sept.  25 

u 

49     1892  Sept.  14 

+11.0 

51     1892  Sept.  26.9 

-1.9 

1894  Dee.     4 

Y. 

52     1895  Jan.      5 

-32.0 

54     1894  Dec.      1.9 

+  2.1 

A  glance  at  the  residuals  in  the  column  0  — C  of  the 
above  table  is  instructive.  As  they  stand,  they  are  in- 
tolerable. They  indicate  that  the  small  residuals,  from 
comparisons  of  the  H.C.O.  photographs  with  Pickering's 
light-curve  in  the  table  below,  are  illusory.  And  the  last 
three,  extending  over  a  space  of  five  consecutive  epochs, 
give  clear  indication  that  the  period,  from  a  comparison  with 
which  they  were  deduced,  is  too  long  by  an  average  amount 
of  about  15.5  days. 

The  subjoined  table  gives,  in  the  column  0  — C,  the  com- 
parisons of  the  observations  collected  by  Pickering,  with 
his  light-curve,  and  in  the  column  0  — C,  with  the  actual 
curve  as  shown  by  the  observations.  For  compactness' 
sake,  only  the  cases  where  the  star  was  actually  seen  have 
been  used.  Attention  is  particularly  called  to  the  fact  that 
the  observations  of  1891  and  that  of  1893,  which  in  Pick- 
ering's table  show  residuals  of  0M.0  in  7  cases,  and  of  0\1 
in  the  remaining  one,  depart  from  the  star's  curve,  as  actu- 
ally observed,  by  1M.2  to  2". 6, — errors  which,  even  with  so 
red  a  star  (6.0  of  Chandler's  scale)  would  be  considered 
intolerable,  if  made  by  any  one  using  the  visual  methods 
of  observation. 

Of  the  thirty-four  observations  of  the  star,  from  which 
my  curve  is  drawn,  the  mean  departure  from  the  curve  is 
about  0M.12,  the  extreme  deviation  being  a  single  residual 
of   0M.5,    from    an    observation    depending    on    a    single 

Dorchester,  Mass.,  1895  Jan.  17. 


comparison-star,  and  marked   as  doubtful   in  the  origina 
eutry. 

The  mean  departure  of  the  same  observations  from 
Pickering's  curve  is  0M.52,  the  difference  of  the  last  ob- 
servation being  about  two  magnitudes. 

Comparison    of    Pickering's    Collected  Observations 
with  the  Two  Light-Curves. 

O— C  O— C' 


1855  Sept.    7 

9.0 

Bonn 

(  +  0.2) 

+  0.6 

10 

8.3 

u 

(-0.4) 

-0.1 

1878  Nov.  29 

8.7 

Camb.  E 

(  +  0.4) 

+  0.1 

Dec.   11 

8.7 

a 

(-0.1) 

+  0.3 

1891  Nov.     2 

10.4 

H.C.O. 

0.0 

-2.6 

27 

9.3 

tc 

-0.1 

-2.1 

Dec.  13 

9.2 

a 

0.0 

-1.2 

1892  Oct.    24 

10.6 

tt 

0.0 

+  0.1 

Nov.     6 

11.1 

a 

0.0 

0.0 

13 

11.4 

a 

0.0 

-0.1 

1893  Sept.  13 

12.3 

a 

0.0 

-2.6 

1894  Jan.      2 

12.3 

ti 

0.0 

-0.9 

The    conclusion 

is,  that 

Prof.  Pickering,  by 

using 

erroneous    period, 

and   an 

assumed 

form    of    li 

ght-cur 

which  is  not  only  inherently  improbable,  but  which  actu- 
ally proves  to  be  incorrect,  has  secured  a  factitious  agree- 
ment in  the  H.C.O.  photographic  magnitudes;  also  that 
these  photographic  magnitudes,  instead  of  being  correct  to 
0".0  or  0M.l,  have  an  average  error  of  1M.2. 
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Astronomiscki  ( 'hronologie,  von  Dr.  Walter  F.  Wislicentjs.  Leip- 
zig, B.  G.  Teubner,  1895,  (S  marks). 

A  very  convenient  handbook,  chiefly  intended  for  the  use  of  his- 
torians and  archaeologists,  hut  well  adapted  for  employment  by  many 
astronomers. 

It  contains  data  for  reciprocal  conversion  of  dates  according  to 
various  calendars ;  for  the  approximate  determination  of  solar  and  lunar 


eclipses;  the  sun's  longitude  at  different  dates;  the  heliacal  rising 
and  setting  of  stars  at  given  dates  and  places,  etc. 

A  catalogue  of  auxiliary  tables  is  gi\en,  with  description  of  their 
contents,  and  directions  for  their  use  ;  also  numerical  examples  for 
processes  frequently  required. 

The  work  promises  to  be  generally  useful  for  cases  in  which  the 
more  extensive  works  of  Ideler  are  ordinarily  consulted. 


CONTENTS. 
Observations  of  the  Transits  of  Mercury,  1891  May  9,  and  1894  November  9-10,  by  Prof.  E.  E.  Barnard. 
On  the  Variations  of  Latitude  at  Pulkowa,  from  the  Older  Observations  with  the  Great  Vertical  Circle, 

by  Mr.  A.  Ivanof. 
On  the  Variable  Star  103  T  Andeomedae,  by  Mr.  Paul  S.  Yendell. 
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ON   THE   PRINCIPAL   FUNDAMENTAL   CONSTANTS  OF  ASTRONOMY, 

By  SIMON   NEWCOMB. 


The  following  is  a  general  account  of  some  features  and 
results  of  a  work  on  which  I  have  been  engaged  for  the 
past  fifteen  or  twenty  years,  consisting  in  a  redetermination 
of  the  fundamental  constants  of  astronomy,  and  of  the  ele- 
ments of  the  orbits  of  the  four  inner  planets.  It  is  pre- 
sented to  the  Astronomical  Journal  because  it  will  be  several 
years  before  the  definitive  investigation  can  be  published, 
and  even  the  printing  and  issue  of  a  condensed  preliminary 
discussion  now  in  press  may  take  several  months. 

The  work  has  been  prosecuted  in  the  hope  that  a  deter- 
mination of  the  principal  astronomical  constants,  founded 
on  an  investigation  of  all  the  more  valuable  data  now  avail- 
able, would  be  generally  adopted,  and  would  save  the  inves- 
tigators of  the  future  much  labor  in  reducing  astronomical 
results  to  a  uniform  system  of  elements  and  constants. 
How  far  I  shall  have  succeeded  in  this  is  yet  to  be  seen ; 
even  now,  before  the  work  is  printed,  I  am  conscious  of  so 
many  imperfections  that  I  greatly  regret  my  inability  to  do 
it  over  ab  initio. 

How  great  have  been  the  administrative  difficulties  con- 
nected with  its  prosecution  can  well  be  judged  by  others. 
They  have  been  intensified  by  errors  of  judgement  in  the 
choice  of  methods  of  work,  and  system  of  prosecuting  it. 

My  personal  attention  has  been  mainly  devoted  to  the 
elements  of  the  four  inner  planets.  The  theories  of  Jupi- 
ter and  Sat  urn  were  left  entirely  in  the  hands  of  Mr.  Hill, 
whose  work  is  already  published  in  Vol.  IV  of  the  Astro- 
nomical Papers,  while  UranusxnA  Xepfunehave  so  far  only 
been  considered  incidentally.  I  shall  therefore,  in  the 
present  paper,  speak  mainly  of  the  four  inner  planets,  and 
of  the  principal  astronomical  constants. 

The  provisional  elements  and  masses  of  the  inner  planets 
employed  for  correction  were  those  of  LeVerrier.  They 
were  preferred  not  only  on  account  of  their  probable  ap- 
proach to  precision,  but  also  because,  having  been  widely 
adopted  in  European  ephemerides  since  1S64,  it  was  sup- 
posed that  a  large  amount  of  labor  would  be  saved  by  their 
adoption.  As,  however,  observations  before  1864  had  to 
be  compared  with  the  tables,  it  was  necessary  to  extend  the 


ephemerides  back  to  1750.  As  LeVebrier's  tables  in  their 
published  form  were  extremely  laborious  in  use,  they  were 
reconstructed  in  a  more  convenient  form.  In  the  recon- 
struction only  tenths  of  seconds  were  included  in  the  per- 
turbations, since  the  errors  arising  from  the  omitted  deci- 
mals would  be  accidental  in  their  character,  and  would 
probably  completely  compensate  each  other  in  any  extended 
series  of  comparisons.  From  such  provisional  tables  of  the 
sun  a  complete  ephemeris  of  the  longitude  and  radius  vec- 
tor for  five-day  intervals  was  computed  from  1750  to  1864, 
the  lunar  term  being  omitted,  to  be  afterward  applied  wlien 
necessary. 

With  the  places  of  the  sun  thus  derived,  geocentric 
places  of  the  planets  were  computed.  The  system  of  doing 
this  varied  greatly  with  circumstances.  Existing  ephe- 
merides were  utilized  as  far  as  possible.  Sometimes  the 
geocentric  places  were  computed  for  the  moments  of  ob- 
servation ;  sometimes  an  ephemeris  for  equidistant  dates 
was  computed,  and  the  tabular  places  interpolated.  As  all 
computations  not  admitting  of  control  had  to  be  in  dupli- 
cate, it  was  judged  best  that  the  duplicate  computation 
should,  so  far  as  possible,  be  made  by  a  different  method 
from  the  original  one.  This  diversity  of  method  was  pro- 
ductive of  so  much  trouble  when  it  was  necessary  to  com- 
pare or  test  results,  that,  had  I  to  do  the  work  over  again, 
I  should  proceed  ou  some  nearly  uniform  system  in  all  the 
computations. 

Through  misinterpretation  of  a  remark  of  LeVerrier, 
in  the  introduction  to  his  tables  of  Venus,!  overlooked  the 
diversity  of  masses  employed  in  his  tables  until  the  work 
was  well  under  way.  Since  the  provisional  theory,  to  be 
correct,  must  necessarily  be  founded  on  a  uniform  system 
of  masses,  it  was  necessary  to  correct  the  places  in  all  the 
ephemerides  so  as  to  reduce  them  to  the  provisional  masses 
of  LeVerrier,  in  the  second  volume  of  his  Annales  de 
I' Observatoire  de  Paris.  This  involved  a  computation  not 
only  of  the  perturbations  in  heliocentric  longitude  and 
radius  vector,  but  also  of  their  effects  on  the  geocentric 
place.    It  also  became  necessary  to  correct  the  ephemeris  of 
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the  Sun  to  reduce  it  to  Hall's  mass  of  Mars,  the  provi- 
sional tables  having  been  constructed  with  LeVkkkier's 
mass. 

As  to  the  reduction  of  observations,  it  will  sutlice  to  say 
here,  in  a  general  way,  that  they  were  all  reduced  to  my 
own  system  of  right-ascensions,  and  to  Boss's  system  of 
declinations,  by  methods  which  varied  with  the  circum- 
stances. 

The  excesses  of  the  individual  observations  over  theory 
were  divided  into  groups,  in  the  usual  way,  the  mean  resid- 
ual of  each  group  being  taken  as  the  correction  to  the  tables 
at  the  mean  epoch  of  the  group. 

In  the  case  of  Mercury  and  Venus,  the  coefficients  of  the 
equations  of  condition  were  taken  from  tables  of  double 
entry.  These  tables  were  founded  on  those  of  single  entry, 
given  in  Vol.  II  of  the  Astronomical  Papers.  The  coeffi- 
cients for  Mars  were  computed  from  tables  of  single  entry, 
like  those  just  referred  to. 

A  statement  of  certain  features  of  the  plan  will  be  found 
in  the  introduction  to  Vol.  I  of  the  Astronomical  Papers. 
One  of  these  was  the  determination  of  the  elements  of  the 
Earth's  orbit  not  only  from  observations  of  the  Sun,  but 
from  those  of  each  of  the  other  three  planets.  Except  for 
the  determination  of  the  Sun's  mean  longitude,  and  the 
right-ascensions  of  the  fixed  stars,  the  results  of  this  plan 
were  not  up  to  my  expectations.  One  reason  for  this  is  a 
pleasing  one;  the  eccentricity  and  perihelion  of  the  Earth's 
orbit  from  observations  of  the  Sim  came  out  with  a  degree 
of  precision  and  accordance  far  beyond  my  expectations. 
On  the  other  hand,  the  results  for  the  same  quantities 
from  the  observations  of  the  planets  were  disappointingly 
uncertain,  from  two  causes.  One  was  that  the  eccentricity 
and  perihelion  of  the  Earth's  orbit  cannot  be  determined 
so  as  to  be  wholly  independent  of  those  of  a  planetary 
orbit,  from  observations  on  the  planet.  The  other  cause 
was  a  singular  anomaly  in  the  observed  right-ascensions  of 
Mercury,  which  I  have  not  yet  had  time  to  investigate. 
All  the  observations  of  this  planet  were  reduced  from  the 
part  observed,  whether  limb  or  apparent  center,  to  the  geo- 
metrical center,  using  a  semi-diameter  at  distance  1,  of  3".34. 
This  value  seems  very  accurately  determined  by  consistent 
observations  both  of  the  planet  when  off  the  sun,  and  when 
in  transit  over  the  Sun's  disk.  When  the  reduction  was 
explicitly  stated  to  have  been  made  by  the  original  obser- 
vatories, it  was  omitted ;  otherwise  it  was  always  applied. 

But  on  comparing  the  results  from  the  two  limbs  of  the 
planet,  it  was  found  that  near  the  times  of  greatest  elonga- 
tion there  was  a  difference  in  the  excess  of  observed  over 
tabular  B.A.  of  nearly  2",  according  as  the  planet  was  east 
or  west  of  the  sun.  To  reconcile  this  discrepancy  by  a 
correction  to  the  diameter  of  the  planet,  it  would  be  neces- 
sary to  increase  this  quantity  by  2",  that  is,  by  nearly  one- 
third  of  its  whole  amount.     The  injurious  effect  of    this 


discrepancy  upon  the  results  was  to  a  certain  extent  obvi- 
ated by  the  introduction  of  an  unknown  quantity  expressive 
of  a  possible  correction  to  the  ratio  of  the  major  axes  of 
the  orbits  of  Mercury  and  the  Earth. 

It  may  be  remarked  that  the  introduction  of  the  Sun's 
elements  into  the  equations  derived  from  the  planets  was  a 
necessity,  unless  the  definitive  solar  elements  had  been 
determined  in  advance,  which  could  not  be  done.  The 
result  of  the  plan  adopted  is  that  the  definitive  elements 
of  the  planets  can  be  iitted  in  with  the  definitive  elements 
of  the  Sun,  so  as  best  to  satisfy  all  observations. 

In  the  equations  of  condition  from  observations  of  the 
planets  were  also  included  the  constant  corrections  to  the 
equinox,  and  to  the  position  of  the  Earth's  equator  on  the 
celestial  sphere  ;  in  other  words,  the  common  errors  of  the 
right-ascensions  and  declinations  of  the  stars.  This  course 
is  especially  necessary,  because  the  determination  of  these 
quantities  in  the  usual  way  is  unsatisfactory.  It  is  well 
known  that  systematic  differences  exist  between  the  abso- 
lute declinations  of  stars  near  the  equator,  as  determined 
at  different  observatories,  even  with  the  best  instruments. 
We  cannot  safely  assume  that  this  error  would  be  elimi- 
nated by  taking  the  mean  of  the  work  at  all  the  observato- 
ries, because  it  may  arise  from  some  cause  common  to  all. 
It  cannot  be  doubted  that  the  undisturbed  orbit  of  each 
planet  as  seen  from  the  sun  forms  a  great  circle  on  the 
celestial  sphere.  This  fact  enables  us  to  determine  the 
mean  or  common  correction  to  all  the  stars  within  the  zodi- 
acal limits ;  or,  to  speak  more  exactly,  within  say,  25°  of 
the  equator,  by  introducing  as  an  unknown  quantity  a  com- 
mon error  of  all  the  observed  declinations. 

That  the  equinox  can  also  be  determined  from  observa- 
tions of  a  planet  may  be  seen  by  the  reflection  that,  were 
the  elements  of  the  planet  perfectly  known  every  observa- 
tion of  it  could  be  reduced  to  the  center  of  the  Sun,  so  as 
to  get  an  observed  position  of  the  Sun  itself.  Thus  can 
be  obtained  corrections  to  the  Sun's  absolute  longitude,  and 
to  the  right-ascensions  of  the  stars  relative  to  its  center,  in 
the  same  way  as  from  observations  of  the  Sun  itself.  More- 
over, this  method  has  the  great  advantage  of  diminishing 
personal  error  in  observing  the  transit  of  the  Sun's  limb, 
which  enters  as  so  great  a  disturbing  cause  in  the  determi- 
nations of  absolute  right-ascensions  of  the  stars.  Although 
the  observations  of  the  limbs  of  Mercury  and  Venus  may  be 
subject  to  the  same  error,  I  conceive  that  its  probable  value 
will  be  much  smaller  than  in  the  case  of  the  Sun.  Especially 
will  this  be  true  of  Mercury. 

To  give  an  idea  of  the  consistency  of  the  results,  I  give 
the  corrections  to  the  principal  solar  elements  and  to  their 
secular  variations  for  1850,  as  derived  from  observations 
of  the  Sun  and  of  each  planet.  The  relative  weights  as- 
signed are  not  determined  by  the  theory  of  least  squares, 
but  by  a  consideration    of  the  systematic  errors  to  which 
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the  results  are  liable.  These  affect  elements  in  very  differ- 
ent degrees.  The  planets  give  poor  results  for  the  correction 
to  the  k'tirt/i's  eccentricity  and  perigee  ;  but  better  ones  to  the 
obliquity,  and  still  better  ones  to  the  relative  right-ascensions 
of  the  Skii  and  stars  and  to  the  Sim's  absolute  longitude. 

The  results  from  3/ars  are  defective  from  the  fact  that 
this  planet  is  not  observed  all  round  its  orbit,  but  mostly 
when  near  opposition.     The  Earth's  eccentricity  and  perigee 


can  therefore  scarcely  be  determined  from  it,  and  the  deter- 
mination of  the  other  elements  has  yet  less  weight. 

In  the  following  table  of  results,  5j  represents  the  cor- 
rection to  the  obliquity,  8L"  to  the  absolute  longitude  of  the 
Sun,  and  8A  to  the  right-ascensions  of  the  stars.  The  small 
figures  following  each  result  represent  the  relative  weight 
assigned.  T  is  the  time  from  1850,  in  terms  of  the  century 
as  the  unit. 


Se" 

e"%n" 

Se 

Si" 

h(A—L") 

Sun 

Mercury 
Venus 
Mars 

+  0.101(J  +  0.235T 
+  0.4S,    +0.32, 
+  0.06.,    +0.32, 
-0.83^ 

0.00,„  +0.325T 
_0.47,"  -0.29, 
-0.07.,    +0.46, 
-0.820 

-0°30,0  +0A8l0T 
+  0.13.,    +0.39„ 
+  0.13.",    +0.32; 
+  0.25;    +1.03; 

+0.054  -0.97,  T 
+0.07,  -1.26, 
-0.16,  -1.06, 
+0.240       • 

+  0.02„  +o"63„T 
-0.60^  +2.0.V 
-0.34.,  +1.20., 
-1.18, 

Mean 

+0.12     +0.26  T 

-0.04     +0.25  T 

-0.15     +0.48  T 

+  0.02    -1.10  T 

-0.33    +1.40  T 

It  will  be  seen  that  the  common  correction  to  the  right- 
ascensions  of  the  stars  is 

8  A  =   -0-.021    +0-.020  T 

The  difference  between  the  system  used  and  that  of  the 
Berliner  Jahrbuch  is  (approximately) 

N—B.J.   =    -08.016   +0-.070  T 

The  correction  to  the  B.J.  system  therefore  comes  out 
8-  B.J.   =    -0-.037   +08.090T 

It  requires  a  more  careful  comparison  than  I  have  made, 
to  determine  the  exact  amount  of  the  difference  between 
the  t«ro  systems.  The  number  just  given  is  probably  with- 
in two  or  three  thousandths  of  a  second  for  1850 ;  but  the 
secular  variation  maybe  different  by  ±0".01,  or  even  more. 

It  is  of  interest  to  notice  that  although  the  above  cor- 
rection to  my  own  system  of  right-ascensions  brings  it 
more  nearly  into  accord  with  that  derived  from  the  Green- 
wich observations,  on  which  the  adopted  star  positions  very 
largely  rest,  it  is  nevertheless  brought  about  almost  entirely 
tli  rough  the  observations  of  the  planets.  Had  observations 
of  the  Sun  alone  been  used,  the  correction  would  have  been 
practically  zero  for  1850,  and  the  secular  correction  —  0S.023 
for  my  system,  and  about  +0B.05  for  that  of  Auwers. 

The  common  correction  to  the  declinations  was  deter- 
mined not  only  from  all  three  planets,  but  also  from  the 
observations  of  Jupiter  and  Saturn.  Mr.  Hill,  in  the  in- 
troduction to  his  tables  of  those  planets,  gives  the  equations 
of  condition  for  A  and  8;  I  have,  however,  solved  them 
anew  with  a  different  system  of  weights,  separating  the  re- 
sults of  the  two  planets.     They  are  as  follows : 

Wt. 

2 
1 
4 
3 
4 


From  obs.  of 


Mercury, 

Venus, 

Marx, 

Jupiter, 

Saturn, 

Mean  correction 

Adopted    " 


8  decl.  =  +0.18 
+0.19 
+  0.21 
+  0.04 

-11. 111 


+  0.49  T 
+0.00  T 
+0.23  T 
+  0.43  T 
+  0.68  T 


+0.09 

+0.08 


+  H.42  T 
+  11.50  T 


Here  I  conceive  that  there  can  be  no  doubt  as  to  the  pre- 
cision of  the  correction  for  1850  ;  but  in  deciding  upou  the 
final  value  of  the  secular  variation  to  be  adopted  it  may  be 
considered  advisable  to  give  some  weight  to  the  observa- 
tions of  the  stars  themselves  ;  more  especially  as  a  common 
error  in  all  the  declinations  will  be  eliminated  from  the 
secular  variation.  I  find  that  the  observations  of  the  stars, 
show  a  yet  larger  correction  to  the  secular  variations  of 
Boss's  declinations  than  the  value  0".42  given  by  the 
planets.  Hence,  in  determining  the  elements  of  the  planets 
I  used  0".50  for  this  variation. 

Not  having  made  a  comparison  of  the  Boss  sjTstem  witli 
that  of  Auwers,  I  cannot  give  the  resulting  correction 
to  the  latter,  but  believe  that  its  value  for  1850  will  be  very 
small,  and  its  secular  variation  negative.  Thus  the  pre- 
ceding result  lies  between  the  results  of  Auwers  and  Boss. 
It  seems  very  desirable  that  those  astronomers  who  are 
engaged  in  preparing  fundamental  positions  of  the  fixed 
stars  for  use  in  geodesy  and  astronomy  should  agree  upon 
some  standard  of  right-ascensions  and  declinations,  and 
also,  if  practicable,  upon  the  fundamental  positions  of  the 
individual  stars  to  be  adopted.  I  therefore  submit  the 
above  results,  with  the  hope  that  they  will  elicit  some  ex- 
pression of  opinion  from  those  interested. 

Although  the  fundamental  elements  for  the  planetary 
tables  which  I  am  now  constructing  cannot  be  altered, 
there  is  no  necessity  that  the  preceding  corrections  to  the 
positions  of  the  stars  should  be  accepted  without  any 
change  whatever.  It  is.  indeed,  desirable  that  the  values 
of  the  fundamental  constants  to  be  used  should  all  be  ad- 
justed and  harmonized  with  one  consistent  theory,  or,  to 
speak  with  more  precision,  should  be  adjusted  to  one  and 
the  same  system  of  values  of  the  fundamental  absolute 
constants  which  determine  the  motion  of  the  earth,  both 
on  its  axis  and  around  the  Sun.  But  no  confusion  will  re- 
sult from  deviations  which  merely  imply  different  interpre- 
tations of  observations,  or  other-differences  not  inconsistent 
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with  uniformity  of  theory.  Now,  there  is  no  necessary 
connection  between  the  positions  of  the  stars  and  those  of 
the  planets.  The  worst  result  that  could  happen  from  the 
adoption  of  fundamental  corrections  to  the  right-ascensions 
and  declinations  different  from  the  preceding  ones  is  that 
in  the  course  of  the  twentieth  century  the  tabular  right- 
ascensions  of  all  the  planets  would  be  found  growing  too 
small  or  too  great.  But  this  result  may  be  anticipated  in 
my  case,  as  an  inevitable  effect  of  the  imperfections  in  the 
values  of  the  mean  motions  and  other  elements. 

Another  feature  of  the  plan  was  the  method  of  deter- 
mining and  adjusting  the  masses  and  secular  variations. 
It  being  well  known  that  the  secular  motion  of  the  perihe- 
lion of  Mercury  does  not  cofheide  with  theory,  we  may  well 
fear  that  the  same  may  be  true  of  the  other  elements,  and 
therefore,  in  the  first  instance,  I  did  not  attempt  to  deter- 
mine the  masses  of  the  planets  from  the  secular  variations. 
Instead  thereof  the  masses  were  determined  independently 
of  the  secular  variations,  and  then  the  results  of  the  com- 
parison of  the  observed  secular  variations  with  those  re- 
sulting from  the  masses  so  determined  were  investigated. 
Hence  the  determination  of  each  mass  by  some  method 
which  should  be  independent  of  the  secular  variations  was 
an  important  requirement  of  the  problem. 

The  mass  of  Mars  is  known  with  all  necessary  precision 
from  Professor  Hall's  determination  by  the  aid  of  the 
satellites.     It  therefore  required  no  discussion. 

The  mass  of  Venus  can  be  determined  with  fair  precision 
by  the  periodic  perturbations  which  it  produces  in  the 
motions  of  the  other  planets,  in  such  a  way  as  to  be  free 
from  all  systematic  errors  whatever,  how  large  soever  the 
accidental  errors  may  be.  This  follows  from  the  fact  that 
there  is  no  relation  between  the  periods  of  these  perturba- 
tions and  those  of  the  other  causes  which  may  produce  sys- 
tematic error. 

The  mass  of  Mercury  may  be  determined  in  the  same 
way,  from  the  periodic  perturbations  which  it  produces  on 
]renus,  as  well  as  from  other  sources.  Practically,  how- 
ever, the  probable  error  of  the  determination  proves  to  be 
quite  large. 

The  mass  of  the  Earth  cannot  be  determined  free  from 
systematic  error  by  the  periodic  perturbations  which  it  pro- 
duces in  the  other  planets,  because  these  perturbations  de- 
pend upon  the  relative  position  of  the  two  bodies,  and  may, 
therefore,  have  a  period  in  common  with  the  causes  of  sys- 
tematic error.  But  it  can  be  determined  with  sufficient 
precision  from  the  value  of  the  solar  parallax. 

I  now  pass  to  a  discrepancy  which  has  during  the  past 
four  months  caused  me  more  embarrassment  and  trouble 
than  all  the  other  questions  growing  out  of  the  work. 
Omitting  the  secular  motions  of  the  perihelia,  which  in  the 
case  of  Mercury,  and  possibly  of  the  other  planets,  are  af- 
fected by  some  unknown  cause,  I  examined  the  question 


what  values  of  the  masses  would  best  represent  the  ob- 
served secular  variations.  The  result  is  as  follows.  I  first 
give  the  values  of  the  correcting  factors  for  the  masses,  as 
determined  independently  of  the  secular  variations,  to- 
gether with  their  mean  errors.  That  is  to  say,  the  masses 
are  represented  in  the  following  form  : 

1  +  v 
Mercury,         m 

Venus,  m' 

Earth,  m" 

Mars,  m"' 


from  the  Secular  Variations 
v      =-    +0.07        ±.15 
n     =    +0.0100    ±.0056 


r"    = 


-0.0183 
-0.015 


±.0026 
±.067 


7,500,000 

1  +  v' 

410,000 

1+v" 

327,000 

1+*'" 

3,093,500 

>tained 
from  other  sources 

=    +0.08 

±.20 

=    +0.0080 

±.0028 

=    -0.0038 

±.0015 

=    +0.004 

±.018 

It  will  be  seen  that,  the  Earth  excepted,  the  two  sets  of 
values  for  the  masses  agree  far  within  the  limits  of  the  prob- 
able errors,  which  are  formed  by  multiplying  the  above  mean 
errors  by  0.6745.  Moreover,  the  secular  variations  are,  in 
the  general  mean,  represented  within  their  probable  errors, 
except  in  the  case  of  the  eccentricity  of  Mercury,  which 
we  may  well  suppose  to  be  affected  by  the  defective  results 
of  the  meridian  observations  already  described. 

Very  different  is  it  in  the  case  of  the  Earth.  To  obtain  the 
mass  it  was  necessary,  in  accordance  with  what  has  already 
been  said,  to  derive  the  best  value  of  the  solar  parallax 
from  all  sources.  With  a  single  exception,  which  I  shall 
mention  subsequently,  there  was  a  remarkable  concensus, 
showing  the  value  of  the  parallax  to  be  very  nearly  8".S00. 
The  probable  error  of  this  result  could  not  be  made  to  ap- 
pear greater  than  0".004,  even  by  a  liberal  allowance  for  all 
discordances.  To  this  value  of  the  parallax  corresponds 
the  first  value  of  v",  given  above. 

If,  however,  we  derive  the  value  of  the  solar  parallax 
from  the  value  of  v"  given  by  the  secular  variations,  the 
result  is 

n  =   8".759    ±0".010 
To  this  mean  error  corresponds  the  probable  error  ±  0".0067. 
Moreover,  this  result  appears   to  be  of  the   most  certain 
kind,  both  in  the  general  accordance  and  the  reliability  of 
all  the  data  on  which  it  depends. 

I  have  tried  in  vain  to  conceive  or  to  invent  any  cause 
explaining  this  difference,  other  than  the  actual  errors  of 
the  determinations.  As  the  discussion  will  appear  pretty 
fully  in  the  forthcoming  monograph,  I  shall  here  mention 
only  a  single  curious  coincidence.  If,  in  computing  the 
secular  variations,  the  mass  of  the  moon  had  been  neglected, 
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and  that  of  the  Earth  alone  taken  into  account,  the   dis- 
crepancy would  not  have  appeared. 

I  have  already  remarked  in  the  Astronom  ical  Journal  that 
the  discrepancies  may  also  be  explained  on  the  hypothesis 
of  a  group  of  planetoids  just  outside  of  the  orbit  of  Mer- 
cury. This  position  of  the  group  is  more  likely  than  a 
position  nearer  the  Sun,  because  the  nearer  we  place  any 
such  disturbing  matter  to  the  Sun,  the  greater  must  be  its 
mass,  and  the  greater  would  be  the  quantity  of  light  which 
every  unit  of  mass  would  reflect.  But  it  seems  to  me  im- 
possible that  a  group  of  the  required  mass  could  remain 
invisible. 

What  I  finally  decided  on  doing  was  to  change  the  value' 
of  each  mass,  as  determined  independently  of  the  secular 
variations,  by  as  great  an  amount  as  appeared  to  be  admis- 
sible, and  in  such  a  direction  as  to  best  represent  the  secular 
variations.  For  the  solar  parallax  I  adopted  as  the  value 
to  be  used  in  the  tables, 

7T  =  8".790. 
If  we  combine  all  the  results  by  least  squares,  we  shall  get 
results  which  may  range  from  8".  7  75  to  S".790,  according 


to  the  relative  weights  we  assign  to  the  two  systems  of  deter- 
mining the  parallax,  or  rather  to  the  allowance  we  make  on 
account  of  systematic  errors  in  the  various  methods  of 
determining  it. 

To  the  value  8".790  of  the  parallax  corresponds,  for  the 
constant  of  aberration,  the  value  20".501.  But,  should  we 
adopt  the  value  S".780,  which  I  am  inclined  to  think  the 
most  probable,  in  case  that  no  unknown  cause  has  acted  on 
the  motions  of  the  inner  planets,  then  the  constant  in  ques- 
tion would  be  20".524. 

It  is  very  remarkable  that  this  value  agrees  with  Nyhan's 
best  result,  though  it  is  very  much  larger  than  the  general 
mean  of  all  the  others.  Still  we  must  admit  that  this  con- 
stant is  one  into  the  determinations  of  which  systematic 
errors  are  most  likely  to  enter. 

The  adjusted  value  of  the   constant  of  lunar  nutation  is 

.V  =  9".214   ±0".005 

The  motion  of  precession  is  discussed  so  fully  in  the 
monograph  that  it  seems  unnecessary  to  say  anything  of  it 
here. 


ON   THE  LIGHT- VARIATIONS   OF  7149   S  SAGITTAE, 

By  EDWIN   F.  SAWYER. 


The  very  interesting  communication  of  Mr.  Yendell,  in 
A.J.  No.  321,  in  reference  to  the  peculiarities  shown  in  the 
light-curve  of  this  star,  has  caused  me  to  reduce  anew  all 
my  observations,  324  in  number,  made  during  the  years  1886 
to  1890  inclusive,  and  the  years  1892  and  1893.  A  new 
light-curve  has  been  formed  from  all  the  observations,  using 
Dr.  Chandler's  elements  given  in  his  Second  Catalogue. 
The  comparison-stars  used  differ  somewhat  from  the  list 
employed  by  Messrs.  Chandler  and  Yendell.  These,  to- 
gether with  the  light-scale  and  deduced  magnitudes,  are 
given  below. 

DM.  stands  for  the  Bonn  Durehmusterung ;  M.K..  for  the 
new  photometric  Catalogue  of  Mu'llei:  and  K  empf  ;  S,  for  my 
own  determinations  of  magnitude. 


Comparison-Stars. 


Star 

a   = 
b   = 


Name 
,  Sagittae 

F.ii  " 


DM. 

M 

5.5 
5.8 
5.2 
6.5 
7.0 


M.K. 

5.04 
5.67 

5.67 
6.68 
7.13 


5.1 

.vi:. 

6.1 
6.8 
7.0 


Light 

St. 

20.6 

15.8 

9.3 


d  =  DM.  14°3974 

e  =   DM.  16°4086  7.0         7.13         7.0  0.0 

Inasmuch  as  some  irregularity  evidently  exists  in  the  light 
at  the  maximum  phase  to  be  spoken  of  hereafter,  I  have 
thought  it  best  to  reduce  my  observations  to  the  epoch  of 
minimum,  although  the  less  favorable  situation  of  compari- 
son-stars, and  an  apparent  slight  fluctuation  in  brightness 
at  minimum,  render  this  phase  somewhat  less  certain  of 
determination.  The  residuals  in  the  column  0  — C  <*iven 
below  are  from  comparison  with  Chandler's  elements: 

<  >BSERVED    M  I\1M  \. 


E 

Boston  M.T. 

O— c 

Wt. 

E 

Boston  M.T. 

O— C 

Wt. 

126 

1886  Sept.  20.186 

-0.057 

3 

438 

1886  Dec.    29.728 

-0.114 

1 

127 

29.317 

+  .691 

2 

461 

1887  July  10.875 

+   .220 

1 

42S 

Oct.      6.921 

_    .OSS 

:: 

162 

18.785 

-  .253 

•< 

429 

15.819 

+  .426 

*> 

If:; 

L'7.666 

+    .244 

1 

430 

23.762 

-  .(HI 

5 

465 

Aug.  12.855   ' 

-   .333 

2 

431 

Nov.     1.753 

+  ..V.i  4 

O 

468 

Sept.    7.433 

+  .095 

1 

4:;i' 

9.100 

-   .441' 

2 

469 

15.746 

+  .025 

:; 

133 

1  7.830 

-  .095 

3 

471' 

Oct.    11.203 

+   .333 

3 

434 

26.576 

+  0.LV.7 

3 

-17.". 

IS.  4  70 

-  .784 

1 

436 

Dec.    14.150 

+  1.(175 

1 

475 

Nov.     5.. -.'.is 

+  .378 

:; 

437 

20.915 

-0.543 

o 

476 

13.021 

-0.3S2 

1 
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E 

Boston  M.T. 

O— C 

wt. 

E 

Boston  M.T. 

O— C 

wt. 

477 

1887  Nov.  22.031 

+  0.245 

2 

557 

18S9  Sept. 

22.958 

+0.516 

2 

478 

30.428 

+   .258 

1 

593 

1890  July 

20.406 

-  .831 

1 

500 

1888  June    1.430 

-   .170 

1 

687 

L892  Sept. 

16.419 

+  .161 

3 

501 

10.077 

-+-    .094 

2 

688 

24.672 

+  .030 

1 

502 

17.695 

-   .671 

1 

689 

Oct. 

3.069 

+  .044 

9 

it 

503 

26.925 

+   .175 

1 

690 

11.545 

+  .137 

3 

504 

July     5.159 

+   .026 

9 

693 

Nov. 

5.890 

+  .332 

1 

505 

14.297 

+  .781 

2 

604 

13.610 

—    .ool 

1 

507 

30.953 

+   .671 

1 

695 

21.909 

-     .415 

3 

510 

Aug.  24.700 

+  .268 

1 

699 

Dec. 

8.890 

-   .200 

1 

511 

Sept.    1.707 

-0.108 

1 

722 

1893  July 

6.496 

-   .174 

2 

5  J  1 

27.980 

+  1.015 

2 

723 

14.768 

-  .286 

2 

515 

Oct.      5.027 

+  0.279 

1 

724 

23.713 

+    .276 

3 

518 

30.383 

-  .115 

1 

726 

Aug. 

9.455 

+   .252 

2 

519 

Nov.     8.542 

+   .661 

1 

727 

17.967 

+   .381 

1 

522 

Dec.      2.603 

-   .427 

1 

720 

Sept. 

3.462 

+   .109 

2 

546 

1889  June  22.427 

+    .200 

2 

730 

12.245 

+   .509 

o 

o 

549 

July  17.013 

-   .364 

o 
O 

733 

Oct. 

6.680 

-   .206 

2 

550 

25.904 

+   .144 

2 

7:u 

15.415 

+    .146 

2 

551 

Aug.     2.812 

-   .331 

1 

736 

Nov. 

1.427 

+  .392 

2 

552 

11.533 

+  .007 

1 

737 

9.224 

-   .194 

2 

554 

27.981 

—  .312 

4 

739 

25.726 

-   .458 

2 

556 

Sept.  14.106 

+  0.047 

1 

740 

Dec. 

4.109 

-0.459 

1 

The  mean  yearly  residuals  are  given  in  the  table  below  : 
Mean. 


Tear 

Epoch 

o— c 

Wt. 

1886 

431.5 

+  0.063 

30 

1887 

470.0 

+  0.056 

21 

1888 

509.0 

+  0.244 

18 

1889-90 

564.5 

-0.102 

17 

1892 

692.0 

-0.029 

15 

1893 

731.0 

+  0.055 

26 

Mean  566.0  +0.048  21 

In  forming  the  mean  light-curve  the  same  process  as 
used  by  Mr.  Yendell  has  been  employed,  and  the  list  of 
normals  so  formed  is  given  below  for  comparison.  The 
departure  of  the  normals  from  the  light-curve  as  finally 
drawn  is  expressed  in  steps  of  the  light-scale  in  column  Diff. 


Table  of 

Normals. 

Time 

Light 

Diff. 

Time 

Lischt 

Diff. 

d 

St. 

St. 

d 

St. 

St. 

-3.73 

4.21 

-0.22 

+  0.46 

13.57 

-0.13 

-3.44 

5.00 

+0.58 

+  0.86 

14.00 

+  0.20 

-3.21 

4.37 

-0.05 

+  1.11 

13.81 

-0.29 

-  2.85 

4.5 1 

-0.14 

+  1.36 

14.35 

-0.01 

-2.57 

5.43 

+  0.02 

+  1.72 

13.67 

+  0.02 

-2.40 

6.11 

+  0.16 

+  1.97 

12.56 

+0.01 

-2.21 

7.12 

+  0.39 

+  2.33 

10.94 

-0.18 

-1.97 

7.40 

-0.70 

+  2.67 

10.23 

+  033 

-1.71 

11.42 

+  0.92 

+  2.91 

9.05 

+  0.25 

-1.34 

12.07 

-0.43 

+3.13 

7.4S 

-0.22 

-1.03 

1  is.". 

-0.15 

+  3.55 

6.16 

+  0.01 

-0.84 

15.68 

+  0.08 

+  3.99 

5.23 

-0.01 

-0.55 

15.73 

-0.17 

+  4.31 

4.84 

+  0.11 

-0.21 

15.49 

-0.06 

+  4.66 

4.24 

-0.21 

±0.00 

14.55 

—  0.25 

+  4.94 

5.00 

+  0.60 

+  0.16 

14.47 

+  0.12 

+  5.17 

4.37 

-0.13 

The  average  departure  of  the  curve  from  the  normals  is 
0st\223.  These  normals  indicate  strongly,  as  do  Mr.  Yen- 
dell's,  a  small  depression  of  the  curve;  but  in  my  curve 
this  depression  occurs  about  0d.55  after  the  computed  place 
of  maximum  instead  of  at  maximum  as  shown  by  Mr.  Yen- 
dell's  results.  This  depression  is  also  less  pronounced  in 
my  curve  than  in  his,  and  while  he  finds  the  second  maxi- 
mum slightly  brighter  than  the  first,  my  results  show  the 
first  to  be  decidedly  the  brighter  of  the  two.  Notwith- 
standing the  fact  that  a  depression  is  undoubtedly  shown 
in  both  our  mean  light-curves,  I  am  led  to  believe  from  a 
careful  inspection  of  several  single  curves,  where  observa- 
tions for  several  consecutive  days  near  maximum  have 
been  secured,  that  this  is  partially  due  to  errors  of  obser- 
vation, and  partially  to  the  fact  that  sometimes  the  light 
at  maximum  remains  practically  at  a  standstill  for  a  day 
or  more  exhibiting  a  flat  curve,  while  at  other,  and  perhaps 
alternate,  maxima  the  rise  and  fall  is  quite  sharp ;  the 
mean  of  the  two  producing  an  apparent  depression.  The 
above  fact  is  strongly  supported  by  four  well  observed 
maxima  in  the  past  year  (1894).  The  first  maximum,  Au- 
gust 24,  from  10  consecutive  observations,  August  19  to  28 
inclusive,  shows  a  sharp  rise  from  minimum,  a  slight  stand- 
still at  maximum,  and  a  gradual  but  uniform  decrease. 
The  second,  September  21,  from  9  consecutive  observations, 
September  21  to  29  inclusive,  exhibits  a  sharp  and  uniform 
rise,  a  decided  standstill  for  two  days  after  maximum  and 
a  sharp  fall.  The  third,  December  4,  from  5  observations, 
4  consecutive,  December  1  to  6,  shows  a  somewhat  more 
gradual  rise  to  maximum  and  a  decidedly  sharp  fall  after- 
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wards.  The  last,  December  19,  from  7  consecutive  obser- 
vations, December  17  to  23  inclusive,  shows  a  rapid  rise, 
and  a  somewhat  slow,  but  certain,  progressive  fall  from 
maximum.  Observations  made  under  the  same  conditions 
in  the  years  1886,  1887  and  1892,  exhibit  the  same  phe- 
nomena. The  observations  during  the  past  year  were  very 
carefully  made  for  the  express  purpose  of  confirming  the 
conclusions  arrived  at  by  Mr.  Yexdell,  with  the  results 
noted  above.  It  is  especially  important  in  the  case  of  this 
star,  that  the  observations  near  maximum  should  be  made 
with  extreme  care,  as,  at  its  brightest  phase  ^  appears  very 
slightly  brighter,  about  one  step,  than  the  close  adjoining 
comparison-star  F.  11  Sagittae.  If  made  with  care  and 
under  favorable  conditions  for  two  consecutive  days  at  max- 
imum the  observations  will  at  times  show  5  to  be  slightly 
brighter  than  F.  11  Sagittae  on  the  first  day  and  as  distinctly 
fainter  on  the  second  day,  thus  exhibiting  an  actual,  though 

Reading  from  Mean  Light-Cubve. 


slight,  fall  from  maximum  and  not  as  hastily  observed  un- 
der less  favorable  conditions,  showing  an  apparent  stand- 
still in  the  light  for  ten  or  more  days  ;  this  being  the  case 
when  the  the  two  stars  are  adjudged  to  be  of  equal  bright- 
ness during  both  days.  Unfortunately  the  star  has  ap- 
proached so  near  the  sunset-horizon  that  it  will  not  be  possi- 
ble until  another  season  to  determine  whether  the  phe- 
nomenon presented  consists  of  alternate  short  and  prolonged 
maxima,  or  whether  these  occur  without  any  regularity  of 
order. 

In  the  curve  indicated  by  the  normals,  the  minimum  oc- 
curs at  —3.34  days;  a  sharp  uniform  rise  from  minimum 
is  followed  by  the  principal  maximum  at  —0.55  days  and 
a  very  slight  rise  or  secondary  maximum  at  +1.35  days. 
After  the  secondary  maximum  the  fall  is  quite  rapid  and 
generally  uniform.  The  readings  from  the  adopted  mean 
light-curve  are  as  follows  : 


Time 

.1 

-3.34 

Light 

St. 

4.40 

Time 

-1.20 

Light 

St. 

14.18 

Time 
+  L00 

Light 

sr. 

13.85 

Time 
d 

+  3.20 

I-igbt 

Bt. 

7.35 

3.20 

4.41 

1.00 

15.07 

1.20 

14.25 

3.40 

6.58 

3.00 

4.48 

0.80 

15.67 

1.40 

14.30 

3.60 

6.00 

2.S0 

3.73 

0.60 

15.88 

1.60 

L3.95 

3.80 

5.59 

2.60 

5.30 

0.40 

15  80 

1.80 

13.35 

4.00 

5.22 

2.40 

5.95 

-0.20 

1 5.52 

2.00 

12.50 

4.20 

4.<)0 

2.20 

6.70 

±0.00 

14.80 

2.20 

11.60 

4.40 

4.62 

2.00 

7.86 

+  0.20 

14.20 

2.40 

1 0.88 

4.60 

4.48 

1.80 

9.58 

0.40 

13.78 

2.60 

10.18 

4.80 

4.42 

1.60 

11.55 

0.60 

13.67 

2.80 

9.3 1 

+  4.98 

4.40 

-1.40 

12.98 

+  0.80 

13.75 

+  3.00 

8.32 

Limits  of  variation: 


Brighton,  1895  January  14. 


Maximum  light  =  15.00  =  5.40 
Minimum  light  =     4.40  =  6.55 


OBSERVATIONS  OF  ENCKE'S  COMET, 

MADE    AT   THE    UNITED   STATES    NAVAL   OBSERVATORY   WITH   THE   9.6-INCH   EQUATORIAL, 

Bt  Prof.  EDGAR  FRISBY. 
[Communicated  by  Prof.  Wm.  Habkness,  U.S.N.,  Astronomical  Director.] 


1894-95  Washington  M.T. 

* 

No. 
Comp. 

da 

-* 

^'s  apparent 
a                         8 

log 

for  a 

PA 

fori) 

Dec.  19 

h       in       s 

7     0  17.5 

1 

20  ,  4 

111         s 

+  4  42.24 

-   1  13"3 

h       in       s 

22  16  53.87 

+  4  35  56.1 

9.4666 

0.7079 

20 

6  39  17.1 

•> 

5,4 

-2  2::.  is 

-   2  47.0 

22  16  .-is.'.!.". 

+  4  28  55.8 

9.4246 

0.7049 

6  49     7.2 

16  ,  4 

+  0  31.70 

-   1  34-5 

22  16  38.77 

+  4  28  47.4 

9.4246 

0.7049 

22 

7  40  44.9 

4 

27  ,  6 

-3  58.65 

+   1  21.5 

22   16  11.11 

+  4  11  31.4 

9.5773 

0.7178 

23 

6  31  34.3 

4 

20,  4 

—  4  13.70 

-   5  13.0 

22   15  56.05 

+  4     4  56.8 

9.4471 

0.7094 

Jan.  14 

7  16  29.5 

5 

25,5 

+  0     3.45 

+  10  32.3 

22     3  20.48 

-0     0     2.5 

9.6419 

0.7424 

Mean  Places  for  1894.0  and  1895.0  of  Comparison- Stars. 


Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

h      m       8 

o         /         » 

IT 

1 

22  12     9.27 

+  2.36 

+  4  36  53.9 

+  15.5 

Albany  A.G.Z.  7744 

2 

22   19     0.03 

+  2.38 

+  4  31  27.1 

+  15.7 

Albany  A.G.Z.  7761 

3 

22  16     4.71 

+  2.36 

+  1  30     6.3 

+  15.6 

Albany  A.G.Z.  7754 

4 

22  20     7.38 

+  2.38 

+  4     9  54.2 

+  15.7 

Albany  A.G.Z.  7767 

5 

22     3  17.81 

-0.78 

-0  10  28.7 

-  6.1 

W.  Bessel,  Copel.-Borgen, 

Munich  (2) 
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OBSERVATIONS  OF  ENCKE'S  COMET, 

MADE    AT   THE    CINCINNATI    OBSERVATORY, 

By  J.  G.  PORTER. 


No. 

#- 

-* 

OS's  apparent 

log  p,\ 

1894  Cincinnati  M.T. 

* 

Comp. 

Ja 

z/8 

a 

3 

for  a 

for  J 

ll         111         s 

Dec.  17     7  21    11 

1 

8 

+  l"'4Lll 

+  3  29.3 

ll         111         s 

22  17  26.07 

+  4°50'l6"5 

9.493 

0.708 

19     7  28  34 

2 

8 

+  4  41.30 

-1  41.4 

22  16  52.93 

+  4  35  28.0 

9.523 

0.713 

21     7    11  30 

3 

6 

+  0  15.95 

-9     5.9 

22  16  23.02 

+  4  21  15.9 

9.562 

0.718 

7    11  30 

4 

4 

-3  46.02 

+  8  10.7 

22  16  23.74 

+  4  20  59.9 

9.5G2 

0.718 

25     6  57  44 

5 

8 

+  1     1.63 

+  2  36.0 

22  15  30.56 

+  3  52  56.2 

9.512 

0.717 

28     7  28  22 

6 

8 

+  1  1663 

-6  16.5 

22  14  48.56 

+  3  30  45.6 

9.580 

0.725 

31      6  20  12 

7 

8 

-1  39.83 

-1  53.3 

22  14     2.08 

+  3     7  23.8 

9.486 

0.722 

Mean  Places  for  1S94.0  of  Comparison- Stars. 


Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

h        ill         s 

22  15  42.23 

+  2^40 

+  4  46  31.2 

+  16.0 

DM.  4°4845  eq.  comp.  with  Boss  A.G.  7733 

o 

22  12     9.27 

+  2.36 

+  4  36  53.9 

+  15.5 

Boss  A.G.  7744 

3 

22  16     4.71 

+  2.36 

+  4  30     6.3 

+  15.5 

Boss  A.G.  7754 

4 

22  20     7.37 

+  2.39 

+  4  12  33.5 

+  15.7 

Boss  A.G.  7767 

5 

22  14  26.59 

+  2.34 

+  3  50     5.3 

+  14.9 

11"  comp.  with  Boss  A.G.  7747  and  7756 

6 

22  13  29.60 

+2.33 

+3  36  47.5 

+  14.6 

Boss  A.G.  7746 

7 

22  15  39.58 

+2.33 
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Xote.  —  On  Dec.  21  the  wind   disturbed   the   telescope,  so  that  some    comparisons  had   to  be  rejected,  and   the  remainder  are   not 
7ery  trustworthy. 
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